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Abstract 
Reversing the decline in adolescents’ mental health has been identified as a priority, 
especially considering its links to quality of life (QoL). Given that physical activity 
and exercise have been suggested as potential methods to ameliorate poor mental 
health and QoL, high-intensity interval training (HIIT) has been suggested as a time-
effective means to improve conditions such as anxiety and depression, as well as QoL. 
Therefore, in collaboration with Commando Joe’s®, the aim of this thesis was to 
design, conduct and evaluate the impact of a HIIT intervention on adolescents’ mental 
health and QoL. 
Prior to the design element of this thesis, Study 1 investigated and confirmed a 
significant relationship between vigorous physical activity, the unstructured form of 
HIIT, physiological and psychological health and QoL. Subsequently, utilising 
amalgamated findings from previous formative research and the systematic review 
included within Chapter 3, a HIIT intervention was designed and conducted. Study 2 
therefore examined the effect of the 6-month HIIT intervention on body mass index, 
physical activity, cardiorespiratory fitness, anxiety, depression and QoL in 
adolescents, however, no significant changes to mental well-being, physiological 
health or QoL were exhibited. Consequently, to identify areas for improvement for 
future research, Study 3 evaluated the HIIT intervention using thematically analysed 
focus-groups presented by pen profiles. Results indicated that HIIT was an enjoyable 
form of exercise for adolescents, however, to maximise participation, factors related 
to session timing, exercise activities, group composition, instructor and exercise 
progression and protocol should be accounted for. 
Overall, while HIIT did not improve mental health or QoL, no detrimental effects were 
noted. Advancing previous research, the present thesis provides support that HIIT is 
an enjoyable, feasible and time-efficient form of exercise, although further research is 
warranted to establish whether it can elicit improvements to mental health or QoL. 
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Definitions, Abbreviations and Units 
Definitions 
Adolescents A transitional stage of physical and psychological 
development that generally occurs between the 
chronological age range of 12 to 17 years 
 
Children The developmental stage prior to the onset of puberty 
that generally occurs between the chronological ages of 
4 to 11 years 
 
High-intensity 
exercise 
Intense exercise that is greater than or equal to a peak 
oxygen uptake of 90%, an intensity that is equal to or 
greater than 100% maximal aerobic speed and/or an 
exercise induced peak heart rate equal to or greater than 
90% 
 
Moderate physical 
activity 
Habitual activity corresponding to an energy 
expenditure between 3 and 6 metabolic equivalents 
 
Moderate-to-vigorous 
physical activity 
Habitual activity corresponding to an expenditure equal 
to or greater than 3 metabolic equivalents 
 
Physical activity “Any bodily movement produced by skeletal muscles 
resulting in energy expenditure above resting” 
(Caspersen, Powell, & Christenson, 1985) 
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Vigorous physical 
activity 
Habitual activity corresponding to an energy 
expenditure between 6 and 9 metabolic equivalents 
 
Exercise A sub-component of physical activity that is carried out 
to sustain or improve health 
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Abbreviations 
ANOVA analysis of variance 
BF% body fat percentage 
BMI body mass index 
BP blood pressure 
CES-DC Center for Epidemiologic Studies Depression Scale for Children 
CI confidence intervals 
CON control group 
CVD cardiovascular disease 
DBP diastolic blood pressure 
EM expectation maximisation 
FFM fat free mass 
GAD-7 Generalized Anxiety Disorder 7 
HDL high-density lipoprotein 
HIIT high-intensity interval training 
HPA hypothalamic–pituitary–adrenal axis 
HR heart rate 
ISAK International Society for the Advancement of Kinanthropometry 
LDL low-density lipoprotein 
MAS maximal aerobic speed 
MSFT multi-stage fitness test 
PedsQL Pediatric Quality of Life Inventory 
QoL quality of life 
SBP systolic blood pressure 
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SEM structural equation modelling 
TC total cholesterol 
TG triglycerides 
UK United Kingdom 
V̇O2 oxygen uptake 
VPA vigorous physical activity 
WC waist circumference 
WHO World Health Organisation 
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Units 
cm centimetres 
Hz hertz 
IU·ml-1 international unit per millilitre 
kg kilogram 
kg·m-2 kilogram per metre squared 
l·min-1 litre per minute 
mg·dl-1 milligram per decilitre 
mg·100ml-1 milligram per one-hundred millilitres 
ml·kg·min-1 millilitre per kilogram per minute 
ml·kg-0.75·min-1 millilitre per kilogram to the power of 0.75 per minute 
mmHg millimetre of mercury 
mmol·l-1 millimoles per litre 
pmol·l-1 picomole per litre 
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Chapter 1 – Introduction 
Health is fundamental in allowing an individual to adapt to changing situations and 
self-manage (Huber et al., 2011) and is defined as "a state of complete physical, 
mental, and social well-being and not merely the absence of disease or infirmity" 
(World Health Organization, WHO, 2006, p. 1). Despite an increased awareness of the 
factors that can influence health, in recent years the prevalence of poor mental and 
physical health has increased in both child and adult populations (A. J. Cohen et al., 
2017; Ng et al., 2014; Vos et al., 2015).  
Mental health is defined as “a state of well-being in which every individual realizes 
his or her own potential, can cope with the normal stresses of life, can work 
productively and fruitfully, and is able to make a contribution to her or his community” 
(WHO, 2004, p. 1). Whilst often overlooked in comparison to physical health, a recent 
report has suggested that mental health problems, such as anxiety and mood disorders, 
account for a large proportion of the overall global disease burden (Vos et al., 2015). 
Indeed, within younger populations, according to the WHO (2003) 20% of adolescents 
will experience a mental health problem. Furthermore, adolescents reporting recurrent 
sensations of anxiety or depression have doubled between the mid 1980’s and mid 
2000’s (Collishaw, Maughan, Natarajan, & Pickles, 2010), with one-in-ten 5-16 year 
olds in the UK diagnosed with a clinical mental health disorder (Green, McGinnity, 
Meltzer, Ford, & Goodman, 2004). Specifically in Wales, a recent report stated that 
that the total number of referrals to the Child and Adolescent Mental Health Service 
has doubled between 2010 and 2014 (National Assembly for Wales Children Young 
People and Education Committee, 2014). Whilst mental health illnesses have 
conventionally only been associated with further mental health issues, there is growing 
evidence that they can also significantly contribute to physical ailments. For example, 
depression, the most prevalent mental health issue (National Collaborating Centre for 
Mental Health, 2011), has been directly linked to heart disease (Ferrari et al., 2013). 
Conversely, it has also been suggested that physical diseases, such as obesity, are also 
positively associated with mental health issues (Luppino et al., 2010; Scott et al., 
2008). 
In recent years, multiple studies have suggested that obesity in children has reached 
unparalleled levels (Abarca-Gómez et al., 2017; Lobstein et al., 2015; Ng et al., 2014), 
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with statistics purporting that ~30% of children are overweight or obese (Ng et al., 
2014; Ryley, 2013; Townsend et al., 2013). Furthermore, whilst reports have indicated 
a plateau in paediatric obesity over the last decade (Abarca-Gómez et al., 2017; 
Rokholm, Baker, & Sørensen, 2010), this obesity epidemic still represents a significant 
burden on the National Health Service (NHS). Specifically, current estimates indicate 
that overweight and obesity, and their deleterious health consequences such as cancer 
(Calle & Thun, 2004), type 2 diabetes mellitus (American Diabetes Association, 2000) 
and coronary heart disease (American Heart Association, 1997), cost the NHS £5.1 
billion per year (Scarborough et al., 2011). 
Impaired physical and mental health can significantly affect quality of life (QoL), 
which is a fundamental measure in the evaluation of population health (Helseth & 
Misvær, 2010), defined by the WHO (2006) to include a person’s perception of their 
own physical, mental and social well-being. Cardiorespiratory fitness and body mass 
index (BMI) have both been shown to influence QoL, as those with a greater level of 
cardiorespiratory fitness experience a better QoL (J. R. Andersen et al., 2017; Morales 
et al., 2013; Sloan, Sawada, Martin, Church, & Blair, 2009) and overweight or obesity 
often indicative of a poorer QoL (Swallen, Reither, Haas, & Meier, 2005; J. Williams, 
Wake, Hesketh, Maher, & Waters, 2005). Additionally, mental well-being has also 
been shown to partially determine QoL, with those suffering from mental health issues 
at greater risk of a poor QoL (Sharpe et al., 2016; Wafa et al., 2016). Accordingly, in 
line with mental and physical health, recent findings have suggested that self-reported 
QoL has significantly declined in a number of populations over the last decade (Cui & 
Zack, 2013; Zack, 2013). 
Causes of poor mental and physical health are multifaceted; in addition to factors such 
as diet (Kuźbicka & Rachoń, 2013; Sahoo et al., 2015) and daily stresses (Schönfeld, 
Brailovskaia, Bieda, Zhang, & Margraf, 2016), physical activity, or lack thereof, and 
poor cardiorespiratory fitness have been extensively linked to adverse health (Bize, 
Johnson, & Plotnikoff, 2007; Freedman, Mei, Srinivasan, Berenson, & Dietz, 2007; 
Janssen et al., 2005; Kopelman, 2000; Monyeki, Neetens, Moss, & Twisk, 2012; 
Penedo & Dahn, 2005; Ruggero, Petrie, Sheinbein, Greenleaf, & Martin, 2015; Trost, 
Kerr, Ward, & Pate, 2001). Although the importance of physical activity is apparent, 
research has shown that large proportions of children are not physically active. 
Specifically, for children aged between 5 and 15 years in England, only 23% of boys 
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and 20% of girls meet UK physical activity guidelines of at least 60 min of moderate-
to-vigorous physical activity every day (Scholes, 2016). Furthermore, research has 
suggested that adolescent cardiorespiratory fitness, albeit within England, is in decline 
(Sandercock, Ogunleye, & Voss, 2015; Sandercock, Voss, McConnell, & Rayner, 
2010; Stratton et al., 2007), with the cardiorespiratory fitness of young people in Wales 
among the lowest in Europe (Tomkinson & Olds, 2007), though, this is likely related 
to low physical activity (Parikh & Stratton, 2011), Considering that adolescence is a 
key stage for the development of health-related behaviours (Dumith, Gigante, 
Domingues, & Kohl, 2011), with poor health tracking into later life (Freedman et al., 
2007), the design, implementation and evaluation of effective interventions targeted at 
increasing youth physical activity levels and cardiorespiratory fitness are imperative. 
Given that children and adolescents spend a considerable proportion of their waking 
hours in school (Fox, Cooper, & McKenna, 2004), schools been extensively utilised 
as a foundation for the implementation of physical activity and exercise interventions 
(Christian et al., 2016; Mackintosh, Niezen, & Eslambolchilar, 2016; K. L. Weston et 
al., 2016). Additionally, interventions within schools have the ability to reach a large 
number of children from diverse socio-economic backgrounds (Fox et al., 2004). 
Moreover, given that schools have the personnel, such as physical education teachers, 
that can deliver effective physical activity and exercise interventions, the possible 
sustainability of such interventions is increased (Hoelscher et al., 2004; Saunders et 
al., 2012). Indeed, the design of interventions that can be implemented within a “real 
world” setting are recommended (De Bourdeaudhuij et al., 2011) as they are less costly 
(Warren, Henry, Lightowler, Bradshaw, & Perwaiz, 2003), can be integrated within 
the curriculum and are have a greater chance of being maintained. However, whilst 
traditional school-based physical activity, such as physical education lessons, should 
be encouraged, it has been suggested that these alone are unlikely to afford adequate 
physical activity to elicit health benefits (Biddle, Gorely, & Stensel, 2004). Indeed, 
given the decreasing hours devoted to physical education within the school curriculum 
(Rumsby, 2015), it could be postulated that additional complementary exercise, the 
structured form of physical activity, is required. 
Whilst traditional exercise interventions have primarily used high-volume moderate-
intensity continuous exercise (Hansen, Froberg, Hyldebrandt, & Nielsen, 1991; 
McMurray et al., 2002; Meyer, Kundt, Lenschow, Schuff-Werner, & Kienast, 2006), 
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the relevance of such exercise to the sporadic high-intensity nature of children’s 
habitual play patterns has been challenged (Bailey et al., 1995). Additionally, high-
volume moderate-intensity continuous exercise can often be time-consuming, a key 
factor commonly cited as a barrier to exercise (Donahue, Mielenz, Sloane, Callahan, 
& Devellis, 2006; Lovell, Ansari, & Parker, 2010; Reichert, Barros, Domingues, & 
Hallal, 2007; Welch, McNaughton, Hunter, Hume, & Crawford, 2009). Consequently, 
high-intensity interval-based exercise or high-intensity interval training (HIIT) has 
recently been identified as a potentially effective and time-efficient form of exercise 
and health promotion (Costigan, Eather, Plotnikoff, Hillman, & Lubans, 2016; Gibala, 
2007). Indeed, given that vigorous physical activity has been associated with improved 
health (Braithwaite et al., 2017; Drenowatz, Prasad, Hand, Shook, & Blair, 2016; 
Gerber et al., 2014; Kenchaiah, Sesso, & Gaziano, 2009; Parfitt, Pavey, & Rowlands, 
2009), exercise, could provide a necessary mediatory step to engender positive long-
term behavioural change. 
Whilst there has been substantial development regarding the assessment of high-
intensity interval-based exercise on physiological health in adolescents (Boddy, 
Stratton, Hackett, & George, 2010; Lambrick, Westrupp, Kaufmann, Stoner, & 
Faulkner, 2016; Tjønna et al., 2009; K. L. Weston et al., 2016). This could, at least in 
part, be attributed to the varied success at eliciting significant improvements (Baquet 
et al., 2002; Lau et al., 2014; Rosenkranz, Rosenkranz, Hastmann, & Harms, 2012), 
potentially owing to ineffective protocols. Indeed, to date, there has been no research 
that has provided information as to the most effective HIIT protocol for adolescents. 
More pressing, however, given the considerable progress regarding the effect of HIIT 
on adolescent physiological health, there is a stark paucity of research focusing on 
mental well-being and/or QoL (Logan, Harris, Duncan, & Schofield, 2014; McCrone, 
Dhanasiri, Patel, Knapp, & Lawton-Smith, 2008). With the exception of Shepherd et 
al. (2015) in adults, and Costigan, Eather, Plotnikoff, Hillman and Lubans (2016) in 
adolescents, little research is available regarding the influence of HIIT on mental 
health and/or QoL. Furthermore, although some effort has been made to ascertain 
adolescents’ post-intervention perceptions of HIIT (Buchan et al., 2013; Costigan et 
al., 2017), the findings of both studies were embedded alongside physiological 
measures within main trial papers and, therefore, are limited in detail and indeed 
interpretation. As such, not only is there a need for further investigation, but a need for 
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an in-depth evaluation as to participant’s perceptions of HIIT, specifically regarding 
barriers and facilitators to participation. Therefore, the aim of this thesis was to design, 
conduct and evaluate a long-term HIIT intervention for on adolescents. 
Thesis structure 
This thesis contains seven chapters with the central theme addressing the effect of HIIT 
on mental well-being and QoL. An initial introduction detailing the justification for 
and the specific aims of this research are outlined within Chapter 1. A review of 
previous relevant literature is summarised within Chapter 2, primarily addressing the 
effects of physical activity, exercise and HIIT on mental health in children and 
adolescents. Within Chapter 3, a systematic review synthesising literature examining 
the effects of HIIT on physiological health in children and adolescents is presented, as 
well as recommendations concerning a HIIT protocol with regard to session structure, 
intensity, frequency and duration. Three experimental chapters are presented in 
Chapters 4 to 6. A synthesis (Chapter 7) discussing the main findings of the results 
from the three experimental chapters concludes the thesis. The aims of the studies 
within the experimental chapters (Chapters 4 to 6) are outlined in Table 1.1. 
Table 1.1 Aims of the experimental chapter studies within this thesis 
Study Aims 
1 To investigate the mediatory effects between vigorous physical 
activity, body mass index and cardiorespiratory fitness on 
depression, and their subsequent direct and indirect effects on QoL 
in children and adolescents. 
2 To assess the effects of a school-based HIIT intervention on anxiety, 
depression and QoL, in adolescents. 
3 Explore adolescent perceptions of a 6-month school-based HIIT 
intervention, addressing participants’ perceived barriers and 
facilitators to extra-curricular exercise participation. 
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Chapter 2 – Literature review  
The first sections within this literature review provide an overview of quality of life 
(QoL) and mental health, the primary outcome measures within this thesis. 
Subsequently there is a discussion regarding the issues inherent to measuring mental 
health and QoL in children and adolescents, followed by a brief overview of measures 
of mental health and QoL. Also included within this literature review is a synopsis and 
critical analysis of key research relevant to physical activity, exercise and high-
intensity interval training (HIIT) and their influence on mental health and QoL. 
Furthermore, the dose-response effect of physical activity and exercise interventions 
on mental health as well as the mechanistic basis supporting the effects of physical 
activity and exercise on mental health are deliberated. 
Quality of life 
Since its introduction as a key term within medical literature midway through the 
twentieth century (Post, 2014), there has been a considerable number of attempts to 
define QoL, with varying outcomes (Cummins, 1997; de Wit & Hajos, 2013; Kosher, 
Jiang, Ben-Arieh, & Huebner, 2014; Ravens-Sieberer et al., 2006; Testa & Simonson, 
1996; World Health Organization, WHO; 2006). Given the lack of consensus, 
researchers have moved towards viewing QoL “as an organising concept that can be 
used for a number of purposes” (Schalock, 1996, p. 123). Indeed, it is now widely 
recognised that QoL is conceptualised and measured using three defined approaches, 
namely health-related QoL, social indicators and subjective well-being (Cummins, 
Lau, & Stokes, 2004; Diener & Suh, 1997; Michalos, 2004). However, whilst all the 
approaches are perhaps equally valid within their own purpose, health-related QoL, 
the concept used within this thesis, has become the most commonly utilised approach 
within in epidemiological and clinical health research (Wallander & Koot, 2016). This 
approach measures an individual’s subjective perceptions of their own health, disease, 
disability and impairment and is frequently used to capture the effects of health 
treatments and interventions (De Civita et al., 2005). 
Since the WHO defined health as "a state of complete physical, mental, and social 
well-being and not merely the absence of disease or infirmity" (WHO, 2006, p. 1), 
QoL has been recognised as an integral component in the evaluation of a person’s 
health status (Helseth & Misvær, 2010) and as the fundamental target for health 
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interventions (Ravens-Sieberer, Herdman, et al., 2014). Specifically, interventions or 
treatments implemented for the benefit of a person’s health should ultimately improve 
QoL, or, at the very least, not be detrimental (Testa & Simonson, 1996). As such, the 
utilisation of QoL as an outcome measure in clinical settings has substantially 
increased in recent years, particularly in children (S. A. Clarke & Eiser, 2004). 
Specifically, there have been numerous comprehensive studies that have evaluated the 
QoL of children suffering from chronic illnesses, such as cancer (Vlachioti et al., 
2016), asthma (Miadich, Everhart, Borschuk, Winter, & Fiese, 2015) and cystic 
fibrosis (Koscik et al., 2005). Within these populations, independent of objective 
medical outcomes, QoL has emerged as an effective measure for the evaluation of 
treatments or interventions (Koot, 2001). 
Despite the importance of QoL as a tool to measure a person’s health (Helseth & 
Misvær, 2010) and its emergence as an outcome measure within clinical populations, 
QoL’s application as an intervention evaluation tool within the general population has 
been less extensive. Further, recent findings have suggested that QoL has significantly 
declined in adolescents over the last decade (Cui & Zack, 2013), highlighting the need 
for interventions to specifically measure, and target, QoL. It could be postulated that 
such a paucity of research may be due to the potential difficulty in eliciting 
improvements given the subjective nature of QoL and the inability to directly enhance 
it (Zack, 2013). However, previous research has demonstrated that by modifying 
health behaviours associated with QoL, such as physical health and mental well-being, 
improvements can be indirectly elicited. For example, cardiorespiratory fitness and 
body mass index (BMI) have both been identified as predictors of QoL, with a higher 
cardiorespiratory fitness level associated with a better QoL (J. R. Andersen et al., 2017; 
Morales et al., 2013; Sloan et al., 2009), and those that are overweight or obese 
typically experiencing a poorer QoL (Swallen et al., 2005; J. Williams et al., 2005). 
Additionally, those suffering from mental health issues or not meeting physical activity 
guidelines have also been identified as being at greater risk of a poor QoL (Sharpe et 
al., 2016; Wafa et al., 2016). Despite some evidence supporting increased physical 
activity as a means to indirectly improve QoL (Gill et al., 2013), the paucity of research 
is stark, with no quality research in the general child and adolescent population 
available. Consequently, the influence of physical activity and/or exercise on health 
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behaviours warrant further attention as potential mediators through which to enhance 
QoL. 
Mental health 
Mental health is an important, but often forgotten, aspect of health that encompasses a 
person’s emotional, psychological and social well-being, and is included within the 
WHO constitutional definition of health (WHO, 2006). Despite this, mental health 
problems remain one of the leading causes of disease globally (Vos et al., 2015). 
Depression and anxiety, the most common mental health issues (National 
Collaborating Centre for Mental Health, 2011) can significantly contribute to 
deleterious health consequences such as cardiovascular disease and poor QoL (Ferrari 
et al., 2013). Previously, mental health treatments have included potentially harmful 
techniques, such as electroconvulsive therapy and lobotomies, however, medicine has 
since progressed towards treatments such as psychotherapy and pharmaceuticals. 
Nonetheless, such treatments are often expensive (McCrone et al., 2008) and time-
consuming (Gladstone, Beardslee, & O’Connor, 2011), with the safety of 
pharmacological interventions remaining questionable (Giraldi, 2017). Furthermore, 
preventing mental health issues rather than treating the symptoms should be a priority, 
not least given the greater long-term effectiveness (Fisak, Richard, & Mann, 2011). 
Therefore, although the sources of poor mental and physical health are multifaceted, 
low physical activity has been extensively associated with poor health (Bize et al., 
2007; Freedman et al., 2007; Janssen et al., 2005; Kopelman, 2000; Penedo & Dahn, 
2005; Trost et al., 2001). Consequently, increasing physical activity levels has been 
suggested as a time-efficient and low-cost means to ameliorate poor mental health and 
QoL (J. R. Andersen et al., 2017; Biddle & Asare, 2011; Wafa et al., 2016). 
Measuring QoL and mental health in children and adolescents 
Possibly due the inherent high cost of a health professional administering mental health 
instruments (Curtis, 2012), despite their limitations (Paulhus & Vazire, 2005), self-
report questionnaires are perhaps the most commonly utilised method of collecting 
mental health and QoL data. In addition to concerns relating to the validity and 
reliability of self-reporting, issues pertaining to response reliability also exist. For 
example, within some research, especially in studies involving younger children, 
questionnaires are often completed externally via parental proxy-report. Subsequently, 
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the reliability of the data collected is questionable given that it is unknown whether a 
child or adolescent and their parent share the same concepts (Ravens-Sieberer, Karow, 
Barthel, & Klasen, 2014). Furthermore, it has been suggested that a tendency for 
children to base their responses to questions on their state of mind at that moment, 
rather than their general levels, may decrease the reliability of their answers (Costello, 
Dulcan, & Kalas, 1985; Marsh, Debus, & Bornholt, 2008).. 
Given their importance, the number of tools that measure QoL and mental health issues 
are vast, with over a thousand methods of assessment available for QoL alone (Ubel, 
Loewenstein, & Jepson, 2003). Although new and relatively sparse in comparison to 
adult measures (Ravens-Sieberer, Karow, et al., 2014), validated measures of children 
and adolescent mental health and QoL have rapidly multiplied in recent years (Solans 
et al., 2008; Zima et al., 2013). Prior to this, measuring mental health and/or QoL in 
children and adolescents was largely restricted. Specifically in relation to QoL, it has 
been suggested that both children and adolescents develop their own concept of the 
meaning of QoL, such as an increased appreciation for its social function (Drotar, 
2004). Despite this, questionnaires were initially transferred from adult to child 
populations ad hoc, and without adequate validation (Ravens-Sieberer, Karow, et al., 
2014). Whilst also applicable to mental health measures, given that QoL measures 
within younger populations should recognise cognitive development, reading ability 
and emotional maturity (Eiser, Mohay, & Morse, 2000; M. Hill, 1997; Matza, 
Swensen, Flood, Secnik, & Leidy, 2004), early ad hoc measures possibly confounded 
such issues. However, despite these limitations, it has been suggested that if participant 
maturity and cognitive development is accounted for with respect to question 
presentation and reading level, self-reporting questionnaires can yield valid and 
reliable results (Riley, 2004; Schmidt, Garratt, & Fitzpatrick, 2000; Truman et al., 
2003). 
Measures of anxiety 
Commonly used measures of anxiety symptoms within clinical practice and research 
include the Beck Anxiety Inventory (BAI; Beck, Epstein, Brown, & Steer, 1988), the 
Generalised Anxiety Disorder 7 (GAD-7) assessment (Spitzer, Kroenke, Williams, & 
Löwe, 2006) and the State Trait Anxiety Inventory – Children (STAI-C; Spielberger 
& Edwards, 1973). The BAI is a 21-item self-reporting measure of anxiety symptoms 
that focuses on somatic symptoms, such as dizziness or increased heart rate (HR). 
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Specifically, the BAI is easily administered and scored, has strong validity and 
reliability within adult populations (Julian, 2011) and has acceptable psychometric 
properties in adolescents (Osman et al., 2002). Despite this, however, like the BDI, the 
BAI is copyrighted and therefore also requires a user fee. Furthermore, the BAI does 
not assess additional leading symptoms of anxiety (i.e., worry) and other cognitive 
aspects of anxiety and, therefore, subsequently limits its interpretation.  
Identified as the best performing measure of generalised anxiety disorder when 
compared to other measures (Herr, Williams, Benjamin, & McDuffie, 2014), the 
GAD-7 is a 7-item self-reporting questionnaire that is often used within a primary care 
setting (Löwe et al., 2008). Whilst short in length, the GAD-7 has been validated in 
adult (Löwe et al., 2008) and adolescent populations (Mossman et al., 2017) and, 
therefore, is an extremely quick, easy and efficient tool to assess symptoms of anxiety. 
However, although the GAD-7 may be used as a screening tool as part of an initial 
diagnostic evaluation, further evaluation by a trained mental health professional is 
required to fully diagnose anxiety. Furthermore, despite validation (Mossman et al., 
2017) and some limited use (Wong, Kady, Mewton, Sunderland, & Andrews, 2014), 
the GAD-7 has not been widely utilised within adolescent populations, and therefore, 
inter-study comparisons are limited. 
In addition to the BAI and GAD-7, the STAI-C, the revised child-specific version of 
the State-Trait Anxiety Inventory (Spielberger, Gorsuch, & Lushene, 1970), has been 
used to gauge symptoms of anxiety. The STAI-C is a 40-item self-reporting measure 
that assesses both state (20-items) and trait anxiety (20-items). However, although one 
of the most commonly used measures of anxiety (Julian, 2011) that is specific to 
children and adolescents (Thabrew, Mcdowell, Given, & Murrell, 2017), it has not 
been validated against a gold-standard measure. Moreover, in accord with the lack of 
validating research, as with the BAI, the STAI-C requires a usage fee, thereby limiting 
its usability, particularly within studies with small budgets. 
Regarding the experimental chapters within the current thesis, the limitations of the 
BAI and STAI-C, most notably the cost of their reproduction for use within research, 
make their utilisation unfeasible. Taken together, given the supporting research (Herr 
et al., 2014; Mossman et al., 2017), coupled with the short nature, it could be suggested 
that the GAD-7 is the most appropriate tool to measure symptoms of anxiety. 
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Measures of depression 
For depression, some of the most popular and commonly utilised tools include the 
Beck Depression Inventory (BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961), 
the Hamilton Rating Scale for Depression (HAM-D; Hamilton, 1960) and the Center 
for Epidemiologic Studies Depression Scale for Children (CES-DC; Weissman, 
Orvaschel, & Padian, 1980). The BDI, considered the gold standard self-rating scale 
(Cusin, Yang, Yeung, & Fava, 2010), consists of 21 items and is widely used within 
adult and adolescent populations (K. Myers & Winters, 2002). Specifically, the BDI 
has been shown to be an easy (Thabrew et al., 2017) and reliable (Stockings et al., 
2015) measure of depressive symptoms in adolescents. Despite this, the applicability 
of the BDI to young people has been criticised, with some research suggesting that a 
lack of items concerning school functioning may limit its use among young people 
(Kovacs & Beck, 1977). Copyright restrictions and associated costs may also limit the 
use of the BDI. 
One of the earliest scales to be developed, the HAM-D, consisting of 17-items is the 
most frequently used depression scale within clinical trials (Cusin et al., 2010). With 
high and adequate reliability and validity within the general (Simmons, Wilkinson, & 
Dubicka, 2015) and adolescent population (Brooks & Kutcher, 2001), respectively, the 
HAM-D is quick and easy tool to use (Brooks & Kutcher, 2001). However, given that 
the HAM-D is clinician measured, in order to administer this tool a considerable level 
of training is required (Brooks & Kutcher, 2001). Furthermore, although the reliability 
and validity is acceptable, the scale is not youth specific with little data youth data 
available (K. Myers & Winters, 2002). 
Another scale that has been frequently used within paediatric depression research is 
the CES-DC, a modified child version of the Center for Epidemiologic Studies 
Depression Scale (Radloff, 1977). Like the BDI, the CES-DC is a 20-item self-
reported scale, but is not copyrighted and, therefore, is freely available to use. Further 
advantages of the CES-DC for use within research in adolescents is that the measure 
is sensitive to treatment effects (Simmons et al., 2015) with research suggesting that it 
is a valid and reliable measure in adolescents (K. Myers & Winters, 2002). 
Notwithstanding its advantages, the CES-DC does have its limitations. It has been 
suggested that the scale measures general psychopathology rather than depression 
(Brooks & Kutcher, 2001; K. Myers & Winters, 2002). Additionally, there have been 
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criticisms of its reliability for children, with boys’ reliability values particularly poorer 
than girls’ (K. Myers & Winters, 2002). 
Given these findings, in the context of the experimental chapters within this thesis, 
considering the need for a valid, reliable, inexpensive and self-reported depression 
assessment tool for young people, the CES-DC is an appropriate scale for use within 
prospective studies. 
Measures of quality of life 
Measurement tools that assess QoL in young people are vast (Drotar, 2004; Eiser & 
Jenney, 2007), however, two of the most widely used and validated measures of 
generic QoL include the KIDSCREEN (Ravens-Sieberer et al., 2005) and the Pediatric 
Quality of Life Inventory (PedsQL; Varni, Seid, & Rode, 1999). Promoted by the 
European Union, the KIDSCREEN is a relatively new multi-version (57-, 27- and 10-
item) and multi-language self-reporting tool. Although reported by those who 
developed the measurement tool, the KIDSCREEN has been shown to be a sensitive, 
valid and reliable measure of QoL (Ravens-Sieberer, Herdman, et al., 2014) and has 
been recommended in a review of QoL measures (Janssens, Gorter, Ketelaar, Kramer, 
& Holtslag, 2008). Although a valid and reliable QoL measurement tool, the 57-item 
version is relatively time-intensive, with an estimated completion time of 15-20 
minutes. As such, the KIDSCREEN may not be a feasible tool in time-pressed 
environments. 
Akin to the KIDSCREEN, the PedsQL is also a self-reported inventory commonly 
used and widely validated within adolescent populations (Varni, Burwinkle, & Seid, 
2006; Varni, Burwinkle, Seid, & Skarr, 2003; Varni, Seid, & Kurtin, 2001). 
Specifically, the PedsQL is a 23-item self-reporting measure of QoL that has multiple 
versions for specifically-aged populations. Indeed, the PedsQL has been recommended 
by a number of reviews as the leading measure of QoL in young people (Eiser & 
Morse, 2001; Janssens et al., 2008) and, when compared to other tools, has few, if any, 
limitations. 
Pertaining to the utilisation of a QoL measurement tool within the experimental 
chapters of this thesis, whilst both the PedsQL and KIDSCREEN are both been equally 
commended (Janssens et al., 2008), since it has fewer items and has smaller estimated 
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completion time, it could be suggested that the PedsQL is the most appropriate tool to 
measure QoL. 
Physical activity 
Physical activity, defined as any bodily movement produced by the skeletal muscles 
that requires energy, is universally endorsed as a leading preventative measure for a 
range of physiological health risks (Ekelund et al., 2016; Kyu et al., 2016; J. Myers et 
al., 2015). Within child and adolescent populations, a number of studies have 
established a strong inverse relationships between physical activity and physical 
health, with those that regularly achieve children’s physical activity targets set by the 
Department of Health (2011) at lesser risk of poor physical health. Specifically, 
children and adolescents that complete 60 minutes of moderate-to-vigorous physical 
activity per day and undertake vigorous-intensity activities that strengthen muscle and 
bone three days a week are more likely to obtain significant health benefits (Janssen 
& LeBlanc, 2010; Kesäniemi, Riddoch, Reeder, Blair, & Sørensen, 2010). However, 
despite research by Martinez-Gomez et al. (2010) suggesting that 60 minutes 
moderate-to-vigorous physical activity per day adequately prevents increases in 
adolescents body composition, there have been criticisms and concerns that these 
guidelines have been established on limited evidence (Donovan et al., 2010). Indeed, 
current guidelines are based on self-reported physical activity data (Füssenich et al., 
2016), which has a number of limitations (Paulhus & Vazire, 2005). Furthermore, 
research by L. B. Andersen et al. (2006) exploring the effects of physical activity and 
cardiovascular risk in children has suggested that 116 minutes of physical activity, 
approximately double the recommended guidelines, is required to benefit health,. 
In addition to criticisms of physical activity guidelines, there has also been a debate 
regarding the quantity of physical activity. For example, numerous large studies within 
adult populations have shown that ~150 minutes of moderate physical activity per 
week, which is proportionate to 10 metabolic equivalent hours per week, is associated 
with a lower risk of cardiovascular disease and premature mortality. To accumulate 10 
metabolic equivalent hours per week, partaking in only ~75 minutes of vigorous 
physical activity (VPA) is required (Manson et al., 2002; Tanasescu et al., 2002). As 
such, some have argued that researchers should be more concerned with the type of 
physical activity rather than the volume (A. H. Laursen, Kristiansen, Marott, Schnohr, 
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& Prescott, 2012; Saint-Maurice, Troiano, Berrigan, Kraus, & Matthews, 2018). 
Indeed, within child and adolescent populations it has been recommend that vigorous 
intensity activity should be included when possible as it may provide additional health 
benefits beyond moderate-intensity physical activity (Janssen & LeBlanc, 2010). 
Regardless of these findings, the adage, “some is good; more is better”, should still be 
applied. Indeed, according to a recent systematic review, compared with highly active 
individuals, those that do not meet the recommended guidelines are 26% and 21% 
more likely to suffer from a stroke or coronary heart disease, respectively (Kyu et al., 
2016). Furthermore, as evidenced by Tan et al. (2017), similar outcomes were also 
noted between physical activity and dementia, the leading cause of death in the UK 
(Office for National Statistics, 2017). 
In addition to physiological or cognitive ailments, increased physical activity has also 
been shown to significantly enhance mental well-being (Biddle & Asare, 2011; Fox, 
1999; Penedo & Dahn, 2005). Moreover, considering the financial pressures being 
faced by the National Health Service (Robertson, Wenzel, Thompson, & Charles, 
2017), physical activity has been recommended as cost-effective approach to rectify 
such poor health (Hagger, Chatzisarantis, & Biddle, 2001; Larun, Nordheim, Ekeland, 
Hagen, & Heian, 2006). 
Effects of physical activity on mental health 
Although the benefits of physical activity on mental health are now widely accepted 
(Biddle & Asare, 2011), early reports suggested that its effectiveness was ambiguous, 
with a report by the Surgeon General stating that: 
“The mental health benefits of physical activity for individuals of relatively good 
physical and mental health were not as evident, but the studies did not have sufficient 
rigour from which to draw unequivocal conclusions” (US Department of Health and 
Human Services, 1999). 
Furthermore, even more recently it has been reported that there is a limited awareness 
among clinical psychology professionals as to the effects of physical activity on mental 
health (Faulkner & Biddle, 2001). Regardless, however, the effects of increased 
physical activity are promising (Biddle & Asare, 2011). Indeed, given the minimal 
cost, dearth of negative side effects and the adjunct physiological benefits compared 
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to alternative pharmacological and non-pharmacological treatments, physical activity 
is ideally positioned to improve mental well-being (Phillips, Kiernan, & King, 2003).  
Effects of physical activity on anxiety 
Anxiety is an emotion in which a person experiences recurring feelings of tension and 
intrusive thoughts or concerns (Kowalski, 2000). Studies advocating the association 
between physical activity and anxiety within the general adult population are vast. 
Indeed, a recent meta-meta-analysis that identified 306 study effects across 10,755 
participants indicated a significant small effect (Rebar et al., 2015). Additionally, 
although dated, in a large study of US and Canadian participants aged 10 to 74 years, 
physical activity was shown to be associated with anxiety, irrespective of education 
and socio-economic status (Stephens, 1988). Despite the evidence suggesting that 
elevated levels of physical activity can be beneficial for symptoms of anxiety within 
the general population, there remains a dearth of research focusing specifically on 
children and adolescents. 
Despite the paucity of research, however, there is some evidence to support increased 
physical activity as a means of improving symptoms of anxiety. Although much of the 
cohort falls outside of what is considered the upper age limit of an adolescent or child, 
from a cohort of 2,458, Ströhle et al. (2007) found that those who were regularly active 
were less likely to suffer from anxiety disorders. Furthermore, those who engaged in 
regular physical activity had a lower incident rate of anxiety disorders compared to 
inactive individuals. In addition to issues relating to the relevance of the cohort, these 
findings are also limited by the lack of objectively measured physical activity. 
Nonetheless, congruent with Ströhle et al. (2007), a recent study of 481 adolescents 
(McDowell, MacDonncha, & Herring, 2017) also supports physical activity as a means 
to improve anxiety. Indeed, it was reported that moderate and high physical activity 
were inversely related to anxiety. Again, however, the validity of the recorded physical 
activity is questionable given that a modified version of the self-reporting Patient-
Centred Assessment and Counselling for Exercise Plus Nutrition (Prochaska, Sallis, & 
Long, 2001) was used to measure physical activity. 
Consistent with McDowell et al. (2017) and Ströhle et al. (2007), a study examining 
the association between self-reported physical activity and anxiety in 1,747 Malay 
adolescents also found that the level of physical activity was significantly associated 
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with symptoms of anxiety (Tajik et al., 2017). Though, it should be noted that in 
addition to using a self-reported physical activity, anxiety was measured using the 21-
item Depression, Anxiety and Stress Scale (Lovibond & Lovibond, 1995), which has 
provided mixed findings regarding its validity for use within adolescents (Le et al., 
2017; Patrick, Dyck, & Bramston, 2010). 
Contrary to McDowell et al. (2017), Ströhle et al. (2007) and Tajik et al. (2017), earlier 
research (Norris, Carroll, & Cochrane, 1992; Strauss, Rodzilsky, Burack, & Colin, 
2001) has suggested that physical activity levels are not related to symptoms of 
anxiety. Norris and colleagues (1992), who collected self-reports of exercise and 
psychological stress and well-being from 147 adolescents, suggested that anxiety, 
measured using the Multiple Affect Adjective Check List (MAACL; Zuckerman & 
Lubin, 1990), shared no significant correlation with physical activity, or exercise as 
they have described it. However, whilst physical activity measured using self-reported 
methods is already questionable, these results were further limited given that the 
selected physical activity questionnaire (J. D. Brown & Lawton, 1986) failed to 
account for habitual physical activity outside of exercise. 
Regardless of methodological shortcomings relating to self-reported measures (Norris 
et al., 1992), using objectively measured physical activity, Strauss et al. (2001) also 
found that, within a cohort of 95 10-16 year olds, anxiety, irrespective of if it was 
measured using the Revised Children’s Manifest Anxiety Scale (C. R. Reynolds & 
Richmond, 1985) or the Piers-Harris inventory (Piers & Harris, 1969), was related to 
physical activity. Although rigorous in terms of its physical activity measurement, this 
study is, however, limited by the relatively small sample size when compared to other 
studies (McDowell et al., 2017; Norris et al., 1992; Ströhle et al., 2007; Tajik et al., 
2017), and is perhaps underpowered. 
In summary, whilst the interpretation of each of the studies within this section is 
limited, given the considerably greater total sample size when combining McDowell 
et al. (2017), Ströhle et al. (2007) and Tajik et al. (2017), compared to Norris et al. 
(1992) and Strauss et al. (2001), it could be postulated that physical activity can 
ameliorate anxiety in adolescents. Nonetheless, future research is needed to provide 
greater clarification as to physical activity’s effects on anxiety in children. 
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Effects of physical activity on depression 
Depression is a mental illness whereby a person experiences a lack of interest and 
pleasure in daily activities, experiences weight loss or gain, and/or suffers from 
insomnia or excessive sleeping. Additional symptoms include feeling lethargic, an 
inability to concentrate, experiencing feelings of worthlessness, excessive guilt or 
recurrent thoughts of death or suicide (Beckham, 2000). Within adults, research has 
shown that higher levels of physical activity are often indicative of improved mental 
health (Rebar et al., 2015). The relationship between physical activity and mental 
health has also been established within children and adolescents (Kremer et al., 2014; 
McMahon et al., 2017). 
Following a large-scale study (n = 8,256, 10-16 years) that examined the associations 
between self-reported physical activity levels and depressive symptoms, measured via 
the Short Mood and Feelings Questionnaire (Angold et al., 1995), Kremer and 
associates (2014) reported that those who participated in physical activity were less 
likely to suffer from depressive symptoms. Furthermore, those participants that were 
more frequently physically active at school, both within and outside of class, and/or 
met moderate-to-vigorous physical activity guidelines, reported fewer symptoms of 
depression. These findings therefore suggest that future research should heavily 
consider school-based physical activity interventions if aiming to ameliorate 
symptoms of depression in adolescents. However, it should be noted that the 
differences between the low and moderately active participants was small and may not 
have been clinically significant. 
In a more recent large-scale (n = 11,110) cross-sectional study in adolescents (mean 
age = 14.8 years) across Europe, findings suggested that the frequency of self-reported 
physical activity was also correlated with depression (McMahon et al., 2017). 
McMahon and colleagues (2017) found that depressive symptoms, measured using the 
Beck Depression Inventory II (Beck, Steer, Ball, & Ranieri, 1996), were negatively 
correlated with the frequency of physical activity. Interestingly, whilst lower levels of 
physical activity were associated with depression, an upper threshold was also 
detected. Indeed, among girls, exceeding 60 minutes of physical activity on more than 
11 days within a 2-week period was associated with higher levels of depression. 
Consequently, it could be postulated that these findings support the use of short intense 
exercise, such as HIIT, as a means of improving health given the lesser total exercise 
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time and associated benefits (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015; 
Logan et al., 2014). However, this is perhaps speculative given that physical activity 
was self-reported with no information as to the intensity of that exercise. Also, it is 
possible that the upper threshold may well be associated with energy expenditure, 
which is comparative when considering the exercise intensity and time ratio. 
Furthermore, as suggested within McMahon et al. (2017), this may be a result of the 
sub-group that reported a high frequency of physical activity over-exercising and/or 
suffering from eating disorders or additional mental health disorders. 
Partially in support of McMahon et al. (2017), research has shown that within children, 
for each additional hour of physical activity undertaken per week, the odds of 
experiencing depressive symptoms are decreased by 8% (Rothon et al., 2010). 
However, despite these positive findings (Kremer et al., 2014; McMahon et al., 2017; 
Rothon et al., 2010), it should be noted that all of the studies measured physical activity 
using self-report methods, thus bringing into question the validity and subsequent 
underestimation of physical activity levels and overall findings. 
In contrast to Kremer et al. (2014) and McMahon et al. (2017), within a large sample 
of adolescent girls (n = 1,397), Johnson et al. (2008) did not observe any significant 
relationship between physical activity and self-reported depression. These findings are 
especially compelling given that physical activity was measured objectively via 
accelerometery. Furthermore, although the depression measure, the Center for 
Epidemiological Studies Depression Scale (Radloff, 1977), is not child-specific, a later 
study (Radloff, 1991) validated its use in children. However, unfortunately this study 
only included girls and, therefore, may not be representative of the wider population. 
Furthermore, the data within this study was from a wider school-based intervention 
aimed at increasing physical activity (Stevens et al., 2005), therefore, the effects of 
self-selection bias (i.e., only those that were fit and healthy volunteered to take part) 
may also limit these findings. 
Whilst Johnson et al. (2008) were perhaps more rigorous in terms of measurement 
validity, when comparing the level of evidence in terms of sample size, Kremer et al. 
(2014) and McMahon et al. (2017) provided a strong argument that increased physical 
activity can improve symptoms of depression. As such, although it could be tentatively 
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summarised that physical activity levels are indicative of depressive symptoms in 
children and adolescents, more research is required substantiate this. 
Given the relationship between physical activity and anxiety and depression in 
children and adolescents (Kremer et al., 2014; McDowell et al., 2017; McMahon et 
al., 2017; Ströhle et al., 2007; Tajik et al., 2017), it is possible that the poor state of 
child and adolescent mental health (Collishaw et al., 2010; Green et al., 2004) is 
symptomatic of current physical activity levels. Indeed, reports suggest that in England 
less than 23% of children and adolescents meet UK physical activity guidelines 
(Ryley, 2013; Scholes, 2016). This is especially worrying considering that physical 
activity during a person’s formative years has been shown to influence physical 
activity habits and health in later life (Blair, Clark, Cureton, & Powell, 1989; Dumith 
et al., 2011). Consequently, although few effective mental health prevention strategies 
have been established (McCrone et al., 2008), exercise, the structured form of physical 
activity, has been proposed as a means that can increase physical activity levels and 
subsequently improve health and well-being.  
Exercise 
Exercise,  a sub-component of physical activity that is carried out to sustain or improve 
health, has frequently been utilised to improve physical health (Anderson et al., 2016; 
Farina, Rusted, & Tabet, 2014; Haskell, Lee, Pate, Powell, & Blair, 2007; Janssen & 
LeBlanc, 2010). Within children and adolescents, research has shown that prescribing 
exercise, such as resistance or interval training, can significantly improve physical 
activity levels and mitigate the risk of health issues such as type 2 diabetes mellitus, 
cardiovascular disease and obesity (Dias et al., 2017; Shiroma et al., 2017; K. L. 
Weston et al., 2016). However, whilst there has been a considerable interest in physical 
health, mental health and QoL have garnered significantly less attention within child 
and adolescent populations. Indeed, the psychological effects of fitness training were 
originally viewed by some physiologists and psychiatrists as having been 
“propagandized by the popular press” (Folkins & Sime, 1981). However, more 
recently, exercise has been supported as a treatment for mental health issues by a 
number of national bodies (Gelenberg et al., 2010; National Collaborating Centre for 
Mental Health and The National Institute for Health and Care Excellence, 2010). 
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Effects of exercise on mental health 
The beneficial effect of exercise on mental health and well-being is evident across a 
wealth of populations. Exercise has been demonstrated to improve psychological 
health and well-being in older adults (Netz, Wu, Becker, & Tenenbaum, 2005), those 
suffering from chronic illness or disability (Graham, Kremer, & Wheeler, 2008), 
pregnant women (Da Costa, Rippen, Dritsa, & Ring, 2003) and the general population 
(Hassmén, Koivula, & Uutela, 2000). However, despite research suggesting that 
physical activity can positively influence mental well-being (Kremer et al., 2014; 
McMahon et al., 2017; Rothon et al., 2010), the effect of exercise on psychological 
health and well-being in children and adolescents has accumulated less attention 
(Whitelaw, Teuton, Swift, & Scobie, 2010). However, regardless of the paucity of 
research, whilst dated, several studies have explored the effect of physical activity and 
exercise on anxiety and depression in child and adolescent populations. 
Effects of exercise on anxiety 
Research within child and adolescent populations is sparse, however, evidence 
suggests that exercise may elicit a reduction in anxiety. Early research using youth 
offenders (n = 60, 15-18 years) concluded that, in addition to physiological measures, 
self-reported anxiety, measured via the State-Trait Anxiety Inventory for Children 
(Spielberger, 1973), improved as a result of a 20-week intervention consisting of three 
90-minute exercise sessions per week (Hilyer et al., 1982). Hilyer et al. (1982) noted 
that whilst the intervention group (n = 30) scored less favourably than the control group 
(n = 30) at baseline, post-intervention scores were reversed, highlighting the 
magnitude of the improvement. However, the generalisation of these findings to the 
wider population may not be appropriate given the circumstances of the participants.  
Similar to Hilyer et al. (1982), Norris, Carroll and Cochrane (1992) who, when 
analysing participants from the general adolescent population (n = 80), found that after 
a 10-week intervention, anxiety, measured using the MAACL (Zuckerman & Lubin, 
1990), improved in the exercise groups. Furthermore, while significant improvements 
in anxiety were manifest in both exercise intensity groups, Norris and colleagues 
(1992) suggest that the high-intensity group elicited the greatest improvement. Caution 
should, however, be taken when interpreting these findings given that the specified 
exercise intensity does not meet the standards considered to be high-intensity by recent 
37 
 
research (Hood, Little, Tarnopolsky, Myslik, & Gibala, 2011; Little et al., 2011). In 
support of Hilyer et al. (1982) and Norris et al. (1992), a more recent and longitudinal 
study, that included 197 adolescents, suggested that anxiety, measured using the 
Hospital Anxiety and Depression Scale (HADS; Bjelland, Dahl, Haug, & 
Neckelmann, 2002), significantly improved relative to the control (-2.8%, p < 0.01; 
Bonhauser et al. 2005). However, given that Bonhauser et al. (2005) focused on 
participants of lower socioeconomic status in Chile, these findings may not represent 
the general global adolescent population. 
In contrast to the previous positive findings (Bonhauser et al., 2005; Hilyer et al., 1982; 
Norris et al., 1992), despite eliciting significant physiological improvements, Lau, Yu, 
Lee and Sung (2004) found no significant differences in anxiety measured using the 
HADS (Bjelland et al., 2002). In this study 36 obese adolescents (24 boys) aged 10-17 
years were recruited and assigned to either an intervention or control group. For the 
intervention group, participants were required to complete 3 resistance training 
sessions per week for 6 weeks in conjunction with a hypocaloric diet, whilst the control 
group followed dietary intervention only. Such mixed findings may, in part, be due to 
the poor quality of the study (Larun et al., 2006). Lau et al. (2004) acknowledged that 
their sample size was not adequate and, therefore, may not have been suitably powered 
to detect significant differences. Furthermore, it could be postulated that the lack of 
significant findings may have been attributed to the relatively healthy state of anxiety 
in both the intervention and control groups which, consequently, negated the potential 
for anxiety to improve as a result of exercise. 
In summary, possibly due to publication bias, to the authors knowledge, there are no 
other studies in children or adolescents that have reported no significant changes. 
Therefore, in summary, given the minimal evidence in opposition, it is possible to 
suggest that exercise an effective means of reducing symptoms of anxiety, however, 
further research is required.  
Effects of exercise on depression 
Although sensations of depression have increased two-fold within adolescents 
(Collishaw et al., 2010), research exploring the effects of exercise on depression is 
sparse (Biddle & Asare, 2011). As with anxiety, Hilyer et al. (1982) conducted one of 
the earliest studies in children and adolescents. Following 20 weeks of flexibility, 
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resistance or aerobic training 3 times per week, Hilyer and associates (1982) reported 
that symptoms of depression significantly improved between pre- and post-test in the 
intervention group, despite a significant increase in the control group. Congruent with 
Hilyer et al. (1982), a more recent study in the general population found similar results 
(Hughes et al., 2013). In Hughes et al. (2013), a small sample of adolescents (n = 30, 
12-18 years) completed either a 12-week thrice weekly exercise or stretching 
intervention. Although symptoms of depression, measured using the Children's 
Depression Rating Scale-Revised (Poznanski & Mokros, 1996), significantly 
decreased in both groups and the depressions scores between the exercise group and 
stretching control group not being significantly different at post-intervention, these 
results still advocate exercise as a means to improve exercise since both interventions 
groups induced some form of energy expenditure. Furthermore, although similar 
benefits were manifest in both groups, for the exercise group, such improvements were 
evident at a greater magnitude. 
Significant changes to depression were also reported by Jeong et al. (2005). In this 
study, matched by an equal number of control participants, 20 adolescents suffering 
from mild depression completed 3 x 45-minute dance therapy sessions over 12 weeks. 
Results suggested that depression scores, measured via the Symptom Check List-90-
Revision (Derogatis, 1992), significantly deteriorated in the control group, while mean 
depression scores significantly improved in the exercise group. However, these 
findings are limited given the small sample size and the absence of an equivalent 
exercise control group to estimate an expectation effect. Despite these positive 
outcomes (Hilyer et al., 1982; Hughes et al., 2013; Jeong et al., 2005), it should be 
noted that, although commonly utilised due to their time- and cost-effectiveness, all 
psychological outcome measures were self-reported. As such, the validity of these 
findings should be questioned given the inherent issues, such as social desirability 
(Paulhus & Vazire, 2005), associated with self-report measures.  
Converse to previous studies (Hilyer et al., 1982; Hughes et al., 2013; Jeong et al., 
2005), some research has suggested that exercise has no effect on depression in 
children or adolescents (Bonhauser et al., 2005; S. W. Brown, Welsh, Labbé, Vitulli, 
& Kulkarni, 1992). Despite reporting significant reductions in anxiety, Bonhauser et 
al. (2005) suggest that exercise does not elicit any beneficial effects to symptoms of 
depression measured using the HADS (Bjelland et al., 2002). However, in addition to 
39 
 
the previously stated limitations, given that physical activity was not tracked 
throughout this study, such findings may, in part, be due to a compensation effect 
whereby increased physical activity during one part of the day may result in a 
compensatory decrease during another part (Ridgers, Timperio, Cerin, & Salmon, 
2014). Whilst limited, the findings from Bonhauser and colleagues (2005) are 
supported by additional literature (S. W. Brown et al., 1992). In S. W. Brown et al. 
(1992), following 3 exercise sessions per week over 9 weeks, when baseline was 
compared to post-intervention and follow-up scores, no significant differences to 
depression, measured using the BDI (Beck et al., 1961), were observed. The quality of 
these findings should, however, be questioned given the numerous limitations of the 
study. Due to poor adherence, from 27, the final participant cohort of 11 participants 
did not provide adequate statistical power to detect significant changes. Furthermore, 
whilst not diagnosed with depression, all the participants included within this study 
were inpatients at a psychiatric institution. As such, their underlying mental health 
issues, primarily dysthymia and conduct disorder, could have had some bearing on the 
outcome of this study and, subsequently, restrict the application of these findings 
within the general population. 
Given these findings, taking in the large body of evidence (Hilyer et al., 1982; Hughes 
et al., 2013; Jeong et al., 2005), it could be postulated that exercise is an effective 
means of improving symptoms of depression in children and adolescents. However, 
given the various limitations of studies included within this section, the effect of 
exercise on depression is still ambiguous, and therefore more research is needed. 
Dose-response of physical activity and exercise interventions on mental health 
Physical activity and exercise dose-response typically refers to three discrete variables; 
duration, frequency and intensity. Duration concerns the amount of time accrued in a 
single exercise session or an intervention as a whole, with frequency reflecting the 
number of exercise sessions over a specified period, for example a week. Whilst 
duration and frequency are basic concepts that concern the total time spent in exercise, 
intensity is perhaps slightly more convoluted. Intensity is “typically quantified in 
absolute terms as the metabolic cost of an exercise session or in relative terms as the 
performance of a given activity as a function of some percentage of measurable 
maximal capacity” (Wasfy & Baggish, 2016, p. 2298). In addition to duration, 
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frequency and intensity, another variable that is commonly included is the modality, 
or type of exercise, for example, the activity within an exercise intervention (i.e. 
running, resistance training or swimming). 
Anxiety 
With the exception of a limited number of studies that have explored the effects of 
intensity (Norris et al., 1992; Parfitt et al., 2009), research exploring the dose-response 
of physical activity and exercise interventions with regard to duration and frequency 
on anxiety in children and/or adolescents is limited. From a cohort of 82 children (32 
boys) aged between 9-10 years, utilising objectively measured physical activity and 
symptoms of anxiety scored using the STAI-C (Spielberger & Edwards, 1973), Parfitt 
et al. (2009) suggested that different intensities of physical activity were associated 
with children’s psychological health. Indeed, those children that accumulated high 
levels of lighter-intensity physical activity reported greater symptoms of anxiety in 
comparison to those who accrued more VPA. Furthermore, these results remained 
when body fatness, a factor that has been positively associated with anxiety within this 
population (Esposito et al., 2014), was controlled for. Similarly, Norris et al. (1992) 
found that exercise intensity was associated with adolescent anxiety. Within this study, 
44 participants with a mean age of 16.7 years were allocated to either a 10-week high-
intensity (n = 14), moderate-intensity (n = 15) or flexibility (n = 15) school-based 
intervention. The exercise sessions for each protocol lasted between 25-30 minutes 
and were completed twice per week. It was reported that, compared to the moderate-
intensity group, those in the high-intensity group experienced significant reductions to 
anxiety post-intervention. However, although both these studies (Norris et al., 1992; 
Parfitt et al., 2009) advocate VPA and high-intensity exercise, the results should be 
interpreted with caution due to their small sample sizes. Additionally, within Norris et 
al. (1992), whilst referred to as high-intensity, the information relating to participant 
HR is limited. As such, it is difficult to ascertain whether the exercise intensity met 
modern high-intensity criteria (Hood et al., 2011; Little et al., 2011). 
Despite a paucity of information within children and adolescents, in adults there has 
been considerably more attention as to the influence of dose-response of physical 
activity and/or exercise on anxiety. Whilst studies are yet to examine the combined 
effect of intensity, duration and frequency of exercise or physical activity on anxiety, 
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some information is available via numerous studies that have analysed components 
individually. With reference to the influence of intervention duration, in a meta-
analysis, Petruzzello, Landers, Hatfield, Kubitz and Salazar (1991) concluded that the 
length of the intervention was significantly associated with effectiveness. Their 
findings suggested that those who trained for 16 weeks or longer benefited from 
greater improvements to anxiety than those who trained for 9 weeks or less. Petruzzello 
and colleagues (1991) also suggested that, for improvements to anxiety to be manifest, 
a minimum of 21 minutes of exercise is required. The interpretation of these findings, 
however, are restricted by confounding factors related to the design or exercise 
variables within the included studies. 
Akin to exercise duration, the frequency of physical activity or exercise sessions was 
also shown to influence symptoms of anxiety. Indeed, as suggested in their meta-
analysis, Wipfli, Rethorst and Landers (2008) concluded that participating in exercise 
3-4 times per week elicits greater benefits to anxiety than exercising 1-2 times a week. 
Interestingly, Wipfli et al. (2008) also indicated that there may be a maximum 
threshold to exercise frequency, in that those that engage in exercise more than 4 times 
a week yield fewer benefits than those who exercise 3-4 times per week. 
In contrast to the findings within children and adolescents, an optimal intensity within 
the adult population was more ambiguous. Specifically, although there are no studies 
that have specifically examined differing intensities, there is support for both aerobic 
and anaerobic exercise as means to improve anxiety. Furthermore, the effect of 
differing intensities of long-term or chronic physical activity or exercise are 
comparable. Indeed, aerobic training consisting of moderate-intensity exercise 
(Blumenthal, Williams, Needels, & Wallace, 1982; DiLorenzo et al., 1999) and 
anaerobic training consisting of high-intensity resistance training (Cassilhas, Antunes, 
Tufik, & de Mello, 2010; Tsutsumi, Don, Zaichkowsky, & Delizonna, 1997) have both 
been found to elicit similar significant benefits to anxiety. 
With reference to the most beneficial exercise type or modality, whilst direct 
comparisons are not available due to limited research, according to a recent systematic 
review (Stonerock, Hoffman, Smith, & Blumenthal, 2015), aerobic type exercises such 
as running are the most common form of exercise to treat anxiety. However, as alluded 
to previously, the effects of both aerobic and resistant type exercises on anxiety are 
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comparable (Cassilhas et al., 2010; Tsutsumi et al., 1997). Whilst these findings 
provide a useful insight into the dose-response of physical activity and exercise on 
anxiety, it should be noted that their findings are limited in the context of paediatric 
research given that children are not mini-adults. As such, further research is required 
exploring the effects of different doses of physical activity and/or exercise on anxiety 
in children and adolescents. 
Depression 
In comparison to anxiety, with the exception of physical activity and/or exercise 
modality, for which there is a paucity of information, there is a relative wealth of 
research exploring the dose-response of physical activity and/or exercise and its effects 
on depression in children and adolescents. Using a large adolescent sample (n = 1,396), 
based on the WHO Composite International Diagnostic Interview (CIDI, R. C. Kessler 
& Üstün, 2004) depression scores and subjectively measured physical activity, 
Stavrakakis et al. (2013) suggested that a dose-response does not exist. Specifically, 
Stavrakakis and colleagues (2013) reported that the nature, frequency, duration and 
intensity of physical activity were not significantly indicative of depression. Despite 
these findings (Stavrakakis et al., 2013), several methodological issues limit such an 
interpretation. Indeed, physical activity was measured using self-report, which can 
overestimate the amount of time engaged in, and the intensity of physical activity 
(Hussey, Bell, & Gormley, 2007). Furthermore, although the CIDI uses an interview 
to evaluate a person’s level of depression, its format replicates a questionnaire that can 
be administered by a non-health professional and, therefore, may not be any more valid 
or reliable than a self-reporting questionnaire. Regardless of these limitations, Norris 
et al. (1992) also concluded that exercise intensity had no effect on depressive 
symptoms. In this randomised control trial, participants were allocated to either a 30-
minute bi-weekly 10-week high-intensity (n = 14), moderate-intensity (n = 15) or 
flexibility (n = 15) intervention. Results suggested that none of the intensities had any 
effect on depression, which also suggests that exercise in general does not elicit 
improvements to depression in adolescents. However, the interpretation of these 
findings are perhaps limited given the small sample size of the overall study, and 
especially when analysed in their separate groups. Additionally, insufficient 
information relating to participants’ HR during exercise makes it difficult to ascertain 
the true exercise intensity. 
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Whilst both Norris et al. (1992) and Stavrakakis et al. (2013) found that the intensity 
of physical activity and exercise had no effect on depression, Goldfield et al. (2011) 
and Tao et al. (2007) found that differing intensities of physical activity did elicit 
contrasting effects on depression. In a study of 1,259 adolescents (Goldfield et al., 
2011), physical activity and depression, measured via self-reporting methods and the 
Child Depression Inventory (Kovacs, 1992), respectively, were correlated. A clear 
dose-response was reported in relation to physical activity intensity, whereby VPA 
exhibited greater effects to depressive symptoms compared to mild- and moderate-
intensity physical activity. Although, when dichotomised by sex, VPA was only 
significantly associated with depression in boys. Alternatively, as part of a large-scale 
study (n = 5,453), Tao et al. (2007) reported that whilst light-to-moderate intensity 
physical activity protected against the development of depressive symptoms, measured 
using the Symptoms Checklist 90 (Z. Y. Wang, 1999), high-intensity physical activity 
was shown to significantly increase the risk of general mental health problems in 
school children. However, the difference in findings compared to Goldfield and 
colleagues (2011) may be explained by cultural discrepancies, in that Tao et al. (2007) 
focused exclusively on Chinese adolescents. In addition to the disparity between 
studies (Goldfield et al., 2011; Tao et al., 2007), physical activity was again reported 
using self-reported measures, casting doubt over the validity of the true intensities of 
physical activity. 
In relation to physical activity duration, in a sample of 2,093 participants aged between 
11 and 14, Rothon et al. (2010) found that depression, measured using the Short Moods 
and Feelings Questionnaire (Angold et al., 1995), was associated with the duration of 
physical activity. Interestingly, Rothon et al. (2010) also reported that for each 
additional hour of physical activity or exercise recorded per week, depressive 
symptoms reduced by 8%. These findings therefore suggest that a greater duration of 
physical activity is more beneficial. Though, it should be stated that physical activity 
was measured using self-report methods that did not take in to account physical 
activity within school, during physical education classes or at school break times, and 
as such is likely unreliable. In terms of exercise intervention duration, in a meta-
analysis which evaluated 9 studies encompassing a sample size of 581 children and 
adolescents (H. E. Brown, Pearson, Braithwaite, Brown, & Biddle, 2013), it was 
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suggested that shorter duration interventions were more effective. Indeed, the largest 
effects that were noted were for interventions lasting less than 3 months. 
Within H. E. Brown et al. (2013) the frequency of exercise sessions and their effect on 
depression was also assessed, however, there was no significant difference between 
less than three, or more than four, sessions per week. In contrast to H. E. Brown et al. 
(2013), McMahon et al. (2017) suggested that physical activity frequency can effect 
symptoms of depression. From a sample of 6,566 adolescents, McMahon et al. (2017) 
found that exceeding 60 minutes of physical activity on more than 11 days within a 2-
week period was associated with higher levels of depression. These findings indicate 
the existence of an upper threshold, and as such, it could be suggested that achieving 
the governmental guidelines of 60 minutes moderate-to-vigorous physical activity may 
be detrimental to depressive symptoms. However, these findings may be a result of 
over-exercising and/or participants suffering from eating disorders or additional 
mental health disorders. 
Further considerations of a dose-response in relation to physical activity and 
exercise 
Whilst it could be postulated that moderate- and high-intensity exercise are perhaps 
equally as effective in improving anxiety and depression, it has been suggested that 
there are distinct differences between exercise intensity and affective responses 
(Ekkekakis, 2003). Referred to as the dual-mode theory (Ekkekakis, 2003), this 
theoretical framework proposes that affective responses to exercise are jointly 
influenced by cognitive factors and interoceptive cues, the balance between which 
fluctuate in relation to exercise intensity. For example, during and for a limited period 
after moderate-intensity exercise, the majority of people respond positively. This 
theory further posits that, during exercise performed at or near ventilatory threshold, 
individuals’ response can vary significantly, with some reacting negatively and some 
positively. This framework further postulates that when exercise is performed beyond 
the ventilatory threshold, there is a significant decline in the valence of affective 
responses. Essentially, Ekkekakis (2003) asserts that as exercise intensity increases, 
pleasure decreases. Whilst such findings should be considered with regards to the 
effects of dose-response, it should be noted that the majority of the research on the 
dual-mode model has involved healthy, relatively active adults, with some of the 
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relationships yet to be tested within people of varying ages (D. M. Williams, 2008). 
Consequently, such findings may not be applicable to the to the paediatric population 
within this thesis. 
Mechanistic basis of physical activity and exercise on mental health 
The beneficial effects of physical activity and exercise on psychological health and 
well-being in children and adolescents are evident (Bonhauser et al., 2005; Hilyer et 
al., 1982; Hughes et al., 2013; Jeong et al., 2005; Norris et al., 1992) and several 
mechanisms have subsequently been proposed that may facilitate such improvements. 
One physiological adaptation of physical activity and exercise, widely considered to 
be a primary mechanism of improved mental health is increased cerebral blood flow, 
which can subsequently affect the hypothalamic-pituitary-adrenal axis. Indeed, 
physical activity and exercise have been shown to alter the concentration of numerous 
biologically-active molecules, such as adrenocorticotrophic hormones, cortisol, 
catecholamines, opioid peptides and cytokines, which have been reported to effect 
mood (McArdle, Katch, & Katch, 1996). Further to increased cerebral blood flow, it 
has been hypothesised that participation in physical activity and/or exercise can serve 
as a distraction from negative thoughts (Craft, 2005; Craft & Perna, 2004; Leith, 1994) 
and improve a person’s mood during and after exercise. During exercise, and 
especially within a competitive environment, a person’s thoughts are focused on 
specific goals related to the chosen activity, reducing the time spent reflecting on 
negative thoughts. It has also been postulated that exercise can increase self-efficacy, 
via its ability to provide effective mastery experience (Bandura, 1997), which has been 
associated with improvements in depressive symptoms (Craft, 2005). The benefit of 
social interactions during physical activity or exercise, especially the social 
relationships formed within team sports, have also been shown to improve mental 
health (Peluso & de Andrade, 2005; Ransford, 1982). Finally, physiological 
improvements attributed to physical activity and exercise, such as an improved body 
composition (Drenowatz et al., 2016; Gutin et al., 2002), have been shown to induce 
improvements to a person’s self-image and self-esteem (C. E. Ross, 1994), both of 
which have been associated with mental health (Lubans et al., 2016; Markowitz, 
Friedman, & Arent, 2008). Whilst the benefits of exercise and physical activity on 
mental health is evident (Bonhauser et al., 2005; Hilyer et al., 1982; Hughes et al., 
2013; Jeong et al., 2005; Norris et al., 1992), most exercise interventions have 
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traditionally focused on high-volume, moderate-intensity exercises, which are often 
time-consuming, a frequently cited barrier to exercise (Donahue et al., 2006; Lovell et 
al., 2010; Reichert et al., 2007; Welch et al., 2009). Subsequently, in order to 
ameliorate such issues, HIIT has been identified as a potentially potent and time-
efficient form of exercise (Gibala, 2007). 
High-intensity interval training 
The beneficial effects of moderate or endurance exercise to both physical and mental 
health are have been widely evidenced (Bonhauser et al., 2005; Cornelissen & Fagard, 
2005; Donges, Duffield, & Drinkwater, 2010; Hughes et al., 2013; Sigal et al., 2014), 
however, such exercise may not be congruous with the time-restricted society of today 
(Palmer, 2010). Specifically, perceived lack of time is commonly indicted as a barrier 
to physical activity (Dwyer et al., 2006; Lovell et al., 2010; Reichert et al., 2007; Welch 
et al., 2009). Furthermore, the relevance of such exercise to the sporadic high-intensity 
nature of children’s habitual play patterns has been questioned (Bailey et al., 1995), 
and may not be appealing to adolescent populations (Buchan et al., 2011). In an 
attempt to ameliorate such barriers, research has proposed that individuals may be able 
to achieve the benefits accrued from meeting governmental physical activity 
guidelines more time-efficiently by substituting moderate-intensity physical activity 
with VPA (I.-M. Lee & Paffenbarger, 2000; Yu, Yarnell, Sweetnam, & Murray, 2003). 
Moreover, it has also been suggested that more intense physical activity may elicit 
greater benefits given the subsequent increased energy expenditure accrued compared 
to moderate-intensity physical activity of a similar duration (Billat, 2001; Christensen, 
Hedman, & Saltin, 1960). 
Given the health and time benefits of increased VPA, the implementation of HIIT 
exercise, a structured form of VPA, has been proposed. Significantly associated with 
elevated VPA levels (Costigan et al., 2017), there has recently been an upsurge in 
interest in the potential health-related benefits of HIIT as a time-effective method of 
exercise (Gibala, Little, Macdonald, & Hawley, 2012; H. S. Kessler, Sisson, & Short, 
2012; Warburton et al., 2005; M. Weston, Taylor, Batterham, & Hopkins, 2014). 
Extensively used by athletes and coaches to improve cardiorespiratory and metabolic 
function with the aim of maximising performance within elite sport (Fernandez-
Fernandez, Zimek, Wiewelhove, & Ferrauti, 2012; Gibala & McGee, 2008; P. B. 
Laursen, Shing, Peake, Coombes, & Jenkins, 2002; Westgarth-Taylor et al., 1997; A. 
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R. Weston et al., 1997; Wisløff, Ellingsen, & Kemi, 2009), HIIT, also known as high-
intensity intermittent exercise, can be defined as short and intense repeated bouts of 
exercise (Buchheit & Laursen, 2013; P. B. Laursen & Jenkins, 2002) at “maximum 
effort” (Buchheit & Laursen, 2013). Exercise durations range from a few seconds to 
several minutes (Gibala & McGee, 2008), interspersed with passive or active recovery 
intervals (Buchheit & Laursen, 2013), which ordinarily last a duration equal to that of 
the exercise bout (L. M. Ross, Porter, & Durstine, 2016). Exercise interval intensity 
can be measured using a variety of methods: HR, oxygen uptake (V̇O2), rating of 
perceived exertion and maximal aerobic speed (MAS). High-intensity exercise is 
usually greater than or equal to 90% V̇O2peak (Gibala & McGee, 2008), an intensity 
equal to or greater than 100% MAS (Baker, 2011) and/or an exercise induced HR equal 
to or greater than 90% maximum HR (Hood et al., 2011; Little et al., 2011). 
Whilst the primary appeal of HIIT was that it could be completed in a shorter period 
of time compared to traditional aerobic training for equal effect, recent systematic 
reviews and meta-analyses have suggested that HIIT may also stimulate more 
beneficial changes to health (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015; 
Logan et al., 2014). In a recent meta-analysis (Costigan, Eather, Plotnikoff, Taaffe, & 
Lubans, 2015), data revealed that HIIT significantly improved cardiorespiratory 
fitness, BMI and body fat percentage when compared to moderate-intensity training. 
Similarly, Logan et al. (2014) reported that cardiovascular disease biomarkers and 
cardiorespiratory fitness were improved to a greater extent with HIIT than moderate-
intensity exercise. However, despite the widespread use within elite sport and the 
growing interest of HIIT within public health, the use of HIIT in non-athlete 
populations was initially considered to be unsafe (MacDonald & Currie, 2009). 
Concerns have been raised regarding the feasibility of implementing HIIT in 
sedentary, overweight or clinical populations, with perceived barriers including risk of 
injury (Donahue et al., 2006) and participant ability to participate in such high-
intensity exercise (Korkiakangas, Alahuhta, & Laitinen, 2009). Specifically, the 
cardiac strain induced by the high HR naturally elicited by HIIT. However, growing 
evidence has alleviated these concerns, with recent reviews demonstrating the 
beneficial effects and safety of HIIT in clinical and general populations (Guiraud et 
al., 2012; Hwang, Wu, & Chou, 2011; H. S. Kessler et al., 2012; L. M. Ross et al., 
2016; K. S. Weston, Wisløff, & Coombes, 2014). For example, research has suggested 
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that the stop-start exercise pattern allows less fit individuals a greater capacity to 
perform vigorous exercise given that there are rest periods naturally built in (Francois 
& Little, 2015). It is also poignant to note that within the exercise phase of HIIT, the 
intensity at which an individual exercises is relative to their own cardiorespiratory 
fitness and is not standardised. Furthermore, a meta-analysis by K. S. Weston et al. 
(2014) reported that clinical populations suffering from cardiometabolic disease 
performing HIIT exhibited a greater increase in cardiorespiratory fitness when 
compared to a moderate-intensity exercise group. 
Effects of high-intensity interval training on mental health 
Moderate physical activity is commonly cited as the recommended mode of physical 
activity in order to elicit improvements in health (Pate et al., 1995). However, work in 
children and adolescents by Parfitt et al. (2009) found that, although low and moderate 
physical activity were correlated with negative psychological profiles, VPA was 
associated with a positive psychological profile. More specifically, Gerber et al. (2014) 
found that, in adults, VPA was not only associated with less stress, but also that those 
that met the recommended VPA targets, as set by the American College of Sports 
Medicine (Haskell et al., 2007), and similar to UK guidelines (Department of Health, 
2011), reported fewer mental health issues when exposed to high-stress situations. 
Furthermore, those that reached VPA targets achieved mental health benefits beyond 
those experienced with just moderate physical activity. One method of exercise that 
was identified to increase VPA was HIIT. Although limited, early research found that 
HIIT did not significantly increase physical activity (Boddy et al., 2010), however, 
more recent rigorous research has shown that, despite the prospect of the “activitystat” 
hypothesis (Gomersall, Rowlands, English, Maher, & Olds, 2013), not only was HIIT 
able to significantly increase moderate-to-vigorous physical activity (Lonsdale et al., 
2013), but also moderately increased VPA levels (Costigan et al., 2017). However, in 
spite of evidence supporting HIIT as an efficient method to increase VPA, which is as 
an effective means of improving mental well-being (Gerber et al., 2014; Parfitt et al., 
2009), there remains a paucity of research investigating HIIT within a healthy 
population; with the majority of research exploring the effects HIIT on mental health 
has been in those suffering from mental illness, such as schizophrenia (Wu, Lee, Hsu, 
Chang, & Chen, 2015) or depression (Singh et al., 2005), or those diagnosed with a 
cognitive impairment, such as dementia (Telenius, Engedal, & Bergland, 2015). 
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Despite the apparent translation of HIIT into VPA and the scarcity of research 
available, to date, only two studies have examined the effect of HIIT on mental health 
in healthy adults (Shepherd et al., 2015) and adolescents (Costigan et al., 2016). 
In Shepherd et al. (2015), ninety healthy but inactive adults (18-60 years) were 
randomly assigned to either a HIIT or moderate-intensity continuous training group. 
Exercise sessions were instructor-led in a gym and were conducted in groups of 10-15 
using mechanically-braked spinning bikes. For the HIIT group, participants were 
asked to attend three 18 to 20-minute sessions per week for 10 weeks. Within these 
sessions, in addition to a 5-minute warm-up and cool-down, participants performed 
multiple repeated high-intensity sprints (>90% HR maximum) lasting between 15 and 
60 seconds, interspersed with active rest lasting 45 to 120 seconds. For the moderate-
intensity continuous training group, each session also began and ended with a warm-
up and cool-down. Over 10 weeks participants were asked to attend 3 training sessions 
per week, with each training session consisting of continuous cycling at an intensity 
of ~70% HR maximum and lasting between 30-40 minutes. In addition to attending 
three supervised sessions per week, participants within the moderate-intensity 
continuous training group were also asked to perform two unsupervised moderate-
intensity sessions per week. Whilst it should be noted that this study primarily focused 
on and assessed cardiometabolic health, various questionnaires assessing 
psychological health were also completed at baseline and post-intervention (Bostic, 
McGartland, & Hood, 2000; Diener, Emmons, Larsen, & Griffin, 1985; Gauvin & 
Rejeski, 1993; Ware & Sherbourne, 2015; Watson, Clark, & Tellegen, 1988). 
Shepherd et al. (2015) found that, in addition to improving cardiometabolic risk 
factors, HIIT significantly enhanced psychological well-being, with benefits similar to 
those achieved in the moderate-intensity comparison group. These findings were 
irrespective of the HIIT group participating in fewer exercise sessions and therefore 
completing a markedly smaller total exercise time. However, the interpretation of these 
psychological findings are perhaps limited given that the measures adopted (Bostic et 
al., 2000; Diener et al., 1985; Gauvin & Rejeski, 1993; Ware & Sherbourne, 2015; 
Watson et al., 1988) do not directly measure anxiety or depression and are not 
commonly used within research.  
In contrast to Shepherd et al. (2015), research within adolescents has suggested that 
HIIT does not appear to be an effective means of improving mental well-being 
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(Costigan et al., 2016). In Costigan et al. (2016), sixty-five adolescents (mean age = 
15.8 ± 0.6 years) were randomly allocated to either a HIIT aerobic exercise program, 
a HIIT resistance and aerobic exercise program or control group. The school-based 
exercise sessions were completed during participants’ physical education lessons or 
during a lunch break and were led by the research team. These sessions consisted of 
8-10 minutes of either cardiorespiratory-based exercises or a combination of 
cardiorespiratory and body weight resistance exercises, with a work to rest ratio of 
30:30 seconds and were completed 3 times per week for 8 weeks. Using magnitude-
based inferences to assess the effects of the intervention, whilst difference were 
reported for other psychological measures, Costigan et al. (2016) did not detect any 
clinically important difference to markers of depression or anxiety, measured via the 
Kessler Psychological Distress Scale (Andrews & Slade, 2001). However, these 
findings are limited given the small sample size that was further reduced in size once 
the participants were allocated to their respective groups. 
Despite the limitations, the lack of clinically important differences in Costigan et al. 
(2016) are somewhat surprising given the neurological benefits of HIIT on 
psychological well-being (Saanijoki et al., 2017). Nonetheless, considering research 
has shown that HIIT is able to acutely reduce distress and state anxiety in a healthy 
population (Helgadóttir, Forsell, & Ekblom, 2015), the length of the intervention may 
have affected the variation between the studies (Costigan et al., 2016; Shepherd et al., 
2015). Indeed, it could be hypothesised that an 8-week HIIT intervention in Costigan 
et al. (2016) may have been insufficient to elicit enhancements to mental well-being, 
whereas, the longer intervention duration (10 weeks) utilised in Shepherd et al. (2015) 
may have been adequate to enhance mental health parameters. Given the abundance 
of literature supporting the effectiveness of HIIT in eliciting significant improvements 
in physiological health (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015; Logan 
et al., 2014), the dearth of studies that have examined its effect on mental well-being 
is stark and warrants further research, especially considering the contradictory findings 
between both studies to date (Costigan et al., 2016; Shepherd et al., 2015). 
Overall summary 
Considering the importance of a healthy mental state and a good QoL, in conjunction 
with the reported decline of such health and relative paucity of studies in the general 
child and adolescent population, further research is critical. Within this youth 
51 
 
population, methods to ameliorate such poor health are especially important given that 
mental health issues can track into later life. Therefore, studies should aim to prevent 
mental health issues rather than treating the symptoms, especially considering the 
purported greater long-term effectiveness. Given the large body of evidence supportive 
of increased physical activity and/or exercise as means to improve mental health and 
QoL, the effectiveness of HIIT is promising. Indeed, although previous research has 
suggested that HIIT does not improve mental health, methodological restrictions 
perhaps confounded these findings. Therefore, further research is needed to elucidate 
the effect of HIIT on mental health and QoL. 
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Chapter 3 – Effects of high-intensity interval training on physiological health in 
children and adolescents 
Whilst vigorous physical activity (VPA) has been shown to significantly improve 
mental health (Gerber et al., 2014; Parfitt et al., 2009), there remains a paucity of 
research exploring the effects of HIIT, the structured form of VPA, on mental well-
being and QoL. Indeed, only two studies to date have assessed whether HIIT can effect 
mental health (Costigan et al., 2016; Shepherd et al., 2015). Consequently, conducting 
a systematic review and establishing an optimal protocol based on psychological 
literature was not possible and, therefore, an alternative approach to forming a suitable 
exercise protocol was required. As such, given the wealth of literature looking at 
physiological health (Rosenkranz et al., 2012; Tjønna et al., 2009; K. L. Weston et al., 
2016), a systematic review was conducted to examine HIIT as a means of influencing 
key physiological health parameters. The identification of the most effective HIIT 
protocol was utilised for the intervention (Chapter 5).   
The following chapter has been published as an original article in a peer-reviewed 
journal (Eddolls, W. T. B., McNarry, M. A., Stratton, G., Winn, C. O. N., & 
Mackintosh, K. A. (2017). High-intensity interval training interventions in children 
and adolescents: a systematic review. Sports Medicine, 47(11), 2363–2374). With the 
exception of some minor amendments, it has been presented in its published form. The 
fully published version of this systematic review can be found in Appendix A (p. 178-
189). 
Introduction 
Worldwide, the prevalence of childhood and adolescent obesity have reached 
unparalleled levels (Lobstein et al., 2015; Ng et al., 2014). Specifically, in the UK, 
approximately 28% of children are classified as overweight or obese (Ng et al., 2014; 
Ryley, 2013), representing a significant burden on health services. Current estimates 
suggest that obesity and its deleterious health consequences, such as diabetes mellitus 
type II (American Diabetes Association, 2000) and coronary heart disease (American 
Heart Association, 1997), cost the National Health Service £5.1 billion per year 
(Scarborough et al., 2011). Despite some reports suggest a plateau in paediatric obesity 
over the last decade (Rokholm et al., 2010), others suggest that UK obesity levels have 
increased between 1980 and 2014 by 48% and 39% in boys and girls, respectively (Ng 
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et al., 2014). Of concern, paediatric obesity has been associated with an increased 
prevalence of cardiometabolic risk factors (Skinner, Perrin, Moss, & Skelton, 2015), 
which have been shown to track into later life (Freedman et al., 2007) and increase the 
risk of premature mortality (Franks et al., 2010; Freedman et al., 2007). While the 
causes of obesity and cardiometabolic risk are multifaceted, low physical activity 
levels, as well as high engagement in sedentary pursuits, have been identified as key 
contributory factors (Freedman et al., 2007; Janssen et al., 2005; Kopelman, 2000; 
Trost et al., 2001). Specifically, according to the latest statistics, in England, only 21% 
of boys and 16% of girls, meet UK physical activity guidelines of at least 60 minutes 
of moderate-to-vigorous physical activity every day (Ryley, 2013), with physical 
activity levels further declining with age (Heitzler et al., 2011; Sallis, Prochaska, & 
Taylor, 2000; Troiano et al., 2008). Effective interventions targeted at increasing youth 
physical activity levels are therefore imperative. 
While traditional interventions designed to increase physical activity and improve 
health have principally utilised moderate-intensity, continuous exercise (Hansen et al., 
1991; McMurray et al., 2002; Meyer et al., 2006), the relevance of such programmes 
to the sporadic, high-intensity nature of children’s habitual play patterns has been 
questioned (Bailey et al., 1995). Consequently, high-intensity interval-based 
programmes have recently been investigated as a potentially effective and time-
efficient form of physical activity and health promotion (Gibala, 2007). Whilst 
exercise, a sub-component of physical activity, is structured and conducted for the 
health-associated benefits, it could provide a necessary mediatory step in order to 
provoke positive long-term behaviour change. However, to date, studies have 
demonstrated varied success at eliciting significant improvements (Baquet et al., 2002; 
Baquet, Berthoin, Gerbeaux, & van Praagh, 2001; Lau et al., 2014; Tjønna et al., 
2009), potentially due to a lack of consensus regarding an optimum HIIT intervention 
protocol with regard to exercise intensity, frequency and duration. Nonetheless, recent 
systematic reviews (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015; Logan et 
al., 2014) highlighted that HIIT can elicit greater improvements in health-related 
parameters (i.e., cardiometabolic health and body composition) in adolescents, 
compared to traditional programmes (Racil et al., 2016; Rosenkranz et al., 2012; 
Tjønna et al., 2009; K. L. Weston et al., 2016). However, no systematic reviews have 
investigated the effects of HIIT on primary school-aged children, the identified 
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potential differences between pre-pubertal and pubertal youth in the adaptations 
elicited or provided optimal HIIT protocol recommendations. Therefore, the purpose 
of this review was to systematically synthesise the scientific literature regarding HIIT 
on improving body composition, cardiometabolic health and cardiovascular health in 
children and adolescents and to establish an optimal HIIT protocol with regard to 
session structure, intensity, frequency and duration. 
Methodology 
In line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) (Liberati et al., 2009), the following methodology details the review’s 
inclusion criteria, search strategy, data collection and study analysis protocols. 
Inclusion criteria 
Types of study 
The present review included studies involving interventions targeted at reducing 
obesity-related physiological parameters with a principal focus on one of the 
following: high-intensity physical activity, high-intensity exercise/training or high-
intensity intermittent/interval exercise/training interventions. 
Types of participant 
Studies incorporating children and adolescents between the ages of 5 and 18 years 
were included. These age constraints were applied to all children and adolescents 
without disability, irrespective of whether they were a healthy weight, overweight or 
obese. Studies that utilised physical activity interventions as part of a treatment for 
specific illnesses were excluded. 
Intervention variables and outcome measures 
To be included in the review, studies were required to report a minimum of one 
intervention exercise session intensity variable and one outcome measure, measured 
at baseline and post-intervention and compared to either a moderate-intensity exercise 
intervention or control group. 
Intervention intensity variables 
Interventions were defined as high-intensity if: i) the intensity was greater than or 
equal to 90% peak oxygen uptake (?̇?O2peak; Gibala & McGee, 2008); ii) had an 
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intensity that was equal to or greater than 100% maximal aerobic speed (MAS; Baker, 
2011); and/or iii) ensured that the participant’s HR was equal to or greater than 90% 
of their peak HR (Hood et al., 2011; Little et al., 2011). There were no restrictions 
applied regarding the duration of the intervention. 
Primary outcomes 
Primary outcomes included cardiometabolic health markers, namely mean SBP and 
DBP, body composition in the form BMI, BF% and fat-free mass (FFM), and 
cardiovascular disease biomarker analysis that include at least one of the following: 
glucose, insulin, triglyceride and total cholesterol, as well as its sub-fractions, LDL-
cholesterol and HDL-cholesterol. 
Search strategy 
Electronic databases were searched until September 2016, with no restriction set on 
the publication year. The PubMed and SCOPUS databases were explored using the 
following key word search strategy, devised by the research team and verified by a 
subject librarian: (high intensity training OR high intensity exercise* OR high intensity 
activit* OR high intensity intermittent training OR intensity intermittent exercise* OR 
high intensity intermittent activit* or high intensity interval training OR high intensity 
interval exercise* OR high intensity interval activit*) AND (child* OR children OR 
pediatric OR paediatric OR adolescen* OR juvenile*) AND (health OR healthy). 
Inclusion of at least one of the key words was required in the study title for it to be 
considered. Studies were excluded based on language; only studies written in English 
were included. Additional studies were identified by searching the reference lists of 
included studies. Google Scholar and ResearchGate were also searched to identify 
studies that were potentially overlooked by the database searches. 
Data collection and analysis 
Pertinent study abstracts from the stated search strategies were downloaded and 
independently screened. Studies that were deemed to meet the criteria were 
downloaded in their entirety and independently assessed for relevance by two authors 
using the pre-determined criteria. When study information was missing, the research 
team attempted to contact the primary author of the incomplete study. If the author 
failed to respond, the study was excluded. 
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Effect Size 
Cohen’s d was used to determine the standardised mean effect of HIIT on the 
previously outlined health-related outcome measures compared to a control group or 
a moderate- or light-intensity group (J. Cohen, 1988). Confidence intervals (CI) were 
calculated by applying an equation recommended by Nakagawa and Cuthill (2007), 
employing standard error calculations (Hunter & Schmidt, 2004). For studies that 
provided values for both moderate and control groups, moderate group values were 
included as the comparison. Additionally, effect size was not calculated for studies 
that failed to disclose post-intervention mean values. 
Risk of bias assessment 
Risk of bias was assessed independently by two reviewers using the Cochrane risk of 
bias tool (RoB 2.0; Higgins et al., 2016). Using the RoB 2.0 tool, studies were awarded 
an overall risk of bias grade of either high, some or low risk of bias. This overall grade 
was calculated by assessing five domains: (A) bias arising from the randomisation 
process; (B) bias due to deviations from intended interventions; (C) bias due to missing 
outcome data; (D) bias in measurement of the outcome; and (E) bias in selection of the 
reported result. 
Heterogeneity assessment 
Due to the variation of the study characteristics in this review, for example between 
interventions, outcome measures and cohort populations, it was deemed unsuitable to 
amalgamate the results for a meta-analysis. Therefore, the results in this review were 
analysed narratively. 
Results 
The database search generated 2092 studies. Once duplicates were removed, 54 
title/abstracts were screened for eligibility, with the reference list search producing 3 
further studies. From this, 13 studies were deemed suitable. The screening process is 
shown in Figure 3.1. In total, 7 of the 13 studies included in this review examined the 
effects of HIIT interventions on pre-pubertal participants, the characteristics of which 
are summarised in Table 3.1, with the remaining 6 studies examining the effects of 
HIIT interventions on pubertal participants (Table 3.2). 
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Figure 3.1 Phases of study selection during data collection 
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Table 3.1 Characteristics of studies examining pre-pubertal participants 
Study Sample 
population 
Maturation Intervention 
duration 
Intervention 
type 
Group 
size 
Modality/ 
intensity 
Repeated bouts/ 
frequency 
Exercise bout/ 
recovery duration 
Protocol duration 
(including recovery) 
Total exercise 
intervention duration 
 
Baquet et al. 
(2002) 
Pre-pubertal 
primary 
school 
children; 
N = 53 
(23 boys; 8 - 
11  
years) 
 
Maturation 
measured, 
but not 
reported 
7 weeks HIIT protocol 
 
 
 
 
Control 
n = 33 
 
 
 
 
n = 20 
Shuttle 
runs (100-
130 % 
MAS) 
 
 
 
Bouts: 5-10 
Sets: 1-4 
3 min rest 
between set 
(2 times weekly) 
 
10-20 s / 10-20 s 
 
 
 
 
 
 
30 min 
 
 
 
 
 
 
7 h 
 
 
 
 
 
 
Baquet et al. 
(2010) 
Primary 
school 
children; N 
= 77 (43 
boys; 9.6 ± 
1.0 years)  
 
 
Stage 1 = 40 
boys, 29 
girls  
 
Stage 3 = 3 
boys, 5 girls 
combined 
<3 
7 weeks HIIT protocol 
 
 
 
 
 
Moderate  
 
 
 
 
Control 
n = 22 
 
 
 
 
 
n = 22 
 
 
 
 
n = 19 
 
Shuttle 
runs (100-
130 % 
MAS) 
 
 
Shuttle 
runs (80-
85 % 
MAS) 
Bouts: 5-10 
Sets: 1-4 
3 min rest 
between set 
(3 times weekly) 
 
Bouts: 1-4  
(3 times weekly) 
10-30 s / 10-30 s 
 
 
 
 
 
 
6-18 min / 5 min 
25-35 min 
 
 
 
 
 
 
18-39 min 
10 h and 30 min 
 
 
 
 
 
 
7 h and 21 min 
Baquet et al. 
(2004) 
Pre-pubertal 
children; N 
= 100 (46 
boys; 9.7 ± 
0.8 years)  
 
 
Stage 1 = 46 
boys, 25 
girls 
 
Stage 3 = 29 
girls 
combined 
<3 
 
7 weeks HIIT protocol 
 
 
 
 
 
Control 
 
n = 47 
 
 
 
 
 
n = 53 
Shuttle 
runs (100-
130 % 
MAS) 
 
 
 
 
Bouts: 5-10 
Sets: 1-4 
3 min rest 
between set 
(2 times weekly) 
 
10-20 s / 
10-20 s 
 
 
 
 
 
 
30 min 
 
 
 
 
 
 
7 h 
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Lambrick et al. 
(2016) 
Obese and 
normal 
weight 
children; N 
= 55 (32 
boys) 
Peak height 
velocity at 
baseline: 
 
INT = 2.7 ± 
0.1 
CON = 2.65 
± 0.05 
 
6 weeks HIIT Protocol 
 
 
 
 
 
 
Control 
n = 28 
 
 
 
 
 
 
n = 27 
Child 
specific 
games 
(93% 
mean 
HRmax) 
Bouts: 7 
(2 times weekly) 
6 min / 2 min 60 min 12 h 
Lau et al. (2014) Overweight 
primary 
school 
children; N 
= 48 (36 
boys; 10.4 ± 
0.9 years)  
 
 
Maturation 
not reported 
6 weeks HIIT protocol 
 
 
 
Light 
 
 
 
Control 
 
n = 15 
 
 
 
n = 21 
 
 
 
n = 12 
Shuttle 
runs (120 
% MAS) 
 
Shuttle 
runs (100 
% MAS) 
 
Bouts: 12 
(3 times weekly) 
 
 
Bouts: 16 
(3 times weekly) 
15 s / 15 s 
 
 
 
15 s / 15 s 
6 min 
 
 
 
8 min 
1 h and 48 min 
 
 
 
2 h and 24 min 
Nourry et al. 
(2005) 
Pre-pubertal 
children; N 
= 18 (11 
boys; 10.0 ± 
0.8 years)  
Stage 1 = 18 8 weeks HIIT protocol 
 
 
 
 
Control 
n = 9 
 
 
 
 
n = 9 
 
Shuttle 
runs (100-
130 % 
MAS) 
  
 
Bouts: 10 
Sets: 4 times 
(2 times weekly) 
10-20 s / 10-20 s 
 
 
 
 
 
30 min 
 
 
 
 
8 h 
 
 
 
 
Rosenkranz et al. 
(2012) 
Pre-pubertal 
children; N 
= 16 (2 
boys; 7 – 12 
years)  
 
Stage 1 = 16 8 weeks HIIT protocol 
 
 
 
 
Control 
n = 8 
 
 
 
 
n = 8 
 
Shuttle 
runs (100-
130 % 
MAS) 
 
 
Bouts: 5-10 
Sets: 4 times 
(2 times weekly) 
 
10-20 s / 10-20 s 
 
 
 
 
 
30 min 
 
 
 
 
8 h 
 
 
 
 
HIIT high-intensity interval training, MAS maximal aerobic speed, INT intervention group, HRmax heart rate maximum
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Table 3.2 Characteristics of studies examining pubertal participants  
Study Sample 
population 
Maturation Intervention 
duration 
Intervention 
type 
Group 
size 
Modality/ 
intensity 
Repeated bouts/ 
frequency 
Exercise bout/ 
recovery duration 
Protocol duration 
(including recovery) 
Total exercise 
intervention duration 
 
Baquet et al. 
(2001) 
Secondary 
school 
children; N 
= 551 (290 
boys; 11-16 
years) 
 
Not reported 10 weeks HIIT protocol 
 
 
 
 
 
Control 
n = 503 
 
 
 
 
 
n = 48 
 
Shuttle runs 
(100-120 % 
MAS) 
 
 
 
 
Bouts: 10 
Sets: 3 
3 min rest 
between set 
(1 times weekly) 
 
10 s / 10 s 
 
 
 
 
 
 
60 min 
 
 
 
 
 
 
10 h 
 
 
 
 
 
 
Boddy et al. 
(2010)  
Secondary 
school girls; 
N = 16 
(11.8 ± 0.3 
years)  
 
 
Peak height 
velocity at 
baseline:   
 
INT = 0.187 
± 0.37 
CON = 
0.028 ± 
0.427 
 
3 weeks HIIT protocol 
 
 
 
Control 
 
n = 8 
 
 
 
n = 8 
Dance class 
(>93.4 mean 
% HRmax) 
 
Bouts: 6 
(4 times weekly) 
 
30 s / 45 s 
 
 
 
 
20 min 
 
 
 
4 h 
 
 
 
Racil et al. 
(2016) 
Obese 
female 
adolescents; 
N = 47 
(14.2 ± 1.2 
years) 
 
Not reported 12 weeks HIIT Protocol 
 
 
 
 
 
 
Moderate 
 
 
 
 
 
Control 
n = 17 
 
 
 
 
 
 
n = 16 
 
 
 
 
 
n = 14 
 
Various 
types of 
interval 
training 
(100% 
MAS) 
 
Various 
types of 
interval 
training 
(80% MAS) 
Bouts: 8-16 
(3 times weekly) 
 
 
 
 
 
Bouts: 8-16 
(3 times weekly) 
15 s / 15 s 
 
 
 
 
 
 
15 s / 15 s 
 
4 min – 8 min 
 
 
 
 
 
 
4 min – 8 min 
3 h 36 min 
 
 
 
 
 
 
3 h 36 min 
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Sperlich et al. 
(2011)  
Male soccer 
players; N = 
19 (13.5 ± 
0.4 years)  
 
 
 
Maturation 
not reported 
 
5 weeks HIIT protocol 
 
 
 
 
 
 
Moderate 
 
 
 
 
n = 9 
 
 
 
 
 
 
n = 8 
 
 
 
Various 
types of 
interval 
training 
(90-95 % 
HRmax) 
 
Various 
types of 
interval 
training 
(50-70 % 
HRmax) 
 
Bouts: 4-12 
(3-4 times 
weekly) 
 
 
 
 
Bouts: 1-5 
(3-4 times 
weekly) 
 
30 s - 4 min / 30 s - 
3 min 
 
 
 
 
 
10-30 min / 1-3 min 
30 min 
 
 
 
 
 
 
40-60 min 
8 h and 45 min 
 
 
 
 
 
 
14 h and 35 min 
Tjønna et al. (2009) Overweight 
and obese 
adolescents; 
N = 54 (26 
boys; 14.0 ± 
0.3 years)  
 
Maturation 
not reported 
 
3 months HIIT protocol 
 
 
 
 
 
Control 
n = 28 
 
 
 
 
 
n = 26 
 
Treadmill 
walking/r
unning 
(90-95 % 
HRmax) 
 
Bouts: 4 
(2 times weekly) 
 
4 min / 3 min 
 
 
 
 
25 min 
 
 
 
10 h 
 
 
 
K. L. Weston et al. 
(2016) 
Adolescent 
secondary 
school 
children; N 
= 101 (62 
boys; 14.0 ± 
0.3 years) 
Peak height 
velocity at 
baseline: 
 
INT = 0.3 ± 
1.0 
Control = 
0.5 ± 1.3 
 
10 weeks HIIT Protocol 
 
 
 
 
 
Control 
n = 41 
 
 
 
 
 
n = 60 
Games 
based 
(>90% 
mean 
HRmax) 
Bouts: 4-7 
(3 times weekly) 
45 s / 90 s 7 min 30 s – 14 min 
15 s 
5 h 30 min 
 INT intervention, HIIT high-intensity interval training, MAS maximal aerobic speed, INT intervention group, HRmax heart rate maximum
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Risk of bias 
The methodological rigour of studies included in this review, according to the risk of 
bias assessment, is presented in Table 3.3. Seven studies were considered to have a 
high risk of bias (Baquet et al., 2002, 2010, 2001, 2004; Lau et al., 2014; Sperlich et 
al., 2011; K. L. Weston et al., 2016), whereas only two (Nourry et al., 2005; 
Rosenkranz et al., 2012) and four (Boddy et al., 2010; Lambrick et al., 2016; Racil et 
al., 2016; Tjønna et al., 2009) studies were considered to have some or low risk of bias, 
respectively. In studies deemed to have a high or some risk of bias (Baquet et al., 2002, 
2010, 2001, 2004; Lau et al., 2014; Nourry et al., 2005; Rosenkranz et al., 2012; 
Sperlich et al., 2011; K. L. Weston et al., 2016), the bias arose from the randomisation 
process (Domain A). 
Table 3.3 Risk of bias assessment 
Study Domain 
A 
Domain 
B 
Domain 
C 
Domain 
D 
Domain 
E 
Total 
Baquet et al. (2002) High Low Low Low Low High 
Baquet et al. (2001) High Low Low Low Low High 
Baquet et al. (2010) High Low Low Low Low High 
Baquet et al. (2004) High Low Low Low Low High 
Boddy et al. (2010) Low Low Low Low Low Low 
Lambrick et al. (2016) Low Low Low Low Low Low 
Lau et al. (2014) High Low Low Low Low High 
Nourry et al. (2005) Some Low Low Low Low Some 
Racil et al. (2016) Low Low Low Low Low Low 
Rosenkranz et al. (2012) Some Low Low Low Low Some 
Sperlich et al. (2011) High Low Low Low Low High 
Tjønna et al. (2009) Low Low Low Low Low Low 
K. L. Weston et al. (2016) High Low Low Low Low High 
Domain: (A) bias arising from the randomisation process, (B) bias due to deviations 
from intended interventions, (C) bias due to missing outcome data, (D) bias in 
measurement of the outcome, (E) bias in selection of the reported result, Total 
overall risk of bias grade calculated by assessing the five domains [A-E] 
Body mass and composition 
All 13 included studies reported the effect of HIIT compared to moderate-intensity 
exercise or a control group on BMI (n = 9), BF% (n = 9) or FFM (n = 1). The results 
revealed little evidence to suggest that HIIT can elicit significant changes in body 
composition (Table 3.4), although, Tjønna et al. (2009) and Racil et al. (2016), both of 
which were assessed to be at low risk of bias, reported significant improvements in 
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Table 3.4 Baseline and post-intervention changes to body mass/composition and effect size between HIIT and control/moderate protocols 
Study Outcome 
measure 
HIIT (mean 
change from 
baseline) 
Control/moderate 
(mean change 
from baseline) 
Effect size 
(Cohen’s d) 
95% CI 
Baquet et al. (2001) BMI (kg·m-2) 0.40** 0.60** -0.14 -0.78 to 0.49 
Baquet et al. (2010) BMI (kg·m-2) 0.10 -0.30/0.20 -0.10 -0.78 to 0.58 
Boddy et al. (2010) BMI (kg·m-2) -0.50 0.20 0.93 0.30 to 1.56 
Lambrick et al. (2016) BMI (kg·m-2) 0.00 0.00 0.23 -0.40 to 0.87 
Lau et al. (2014) BMI (kg·m-2) 0.20 0.10/0.40* 0.42 -0.18 to 1.01 
Racil et al. (2016) BMI (kg·m-2) -3.20* 0.30/-1.70* -1.41 -3.52 to 0.69 
Rosenkranz et al. (2012) BMI (kg·m-2) -1.40 0.00 -0.06 -0.73 to 0.61 
Tjønna et al. (2009) BMI (kg·m-2) -0.70** -0.20 -1.50 -2.06 to -0.94 
K. L. Weston et al. (2016) BMI (kg·m-2) -0.60a 0.80a N/A N/A 
      
Baquet et al. (2001) Body fat (%) 1.60* 1.30* -0.31 -0.94 to 0.33 
Baquet et al. (2002) Body fat (%) -0.90 -0.70 0.10 -0.51 to 0.71 
Baquet et al. (2004) Body fat (%) 0.10 0.10 0.02 -0.66 to 0.69 
Boddy et al. (2010) Body fat (%) 0.22 0.46 0.61 0.14 to 1.07 
Lambrick et al. (2016) Body fat (%) -0.10 0.40 0.08 -0.49 to 0.65 
Nourry et al. (2005) Body fat (%) 1.50 0.50 0.14 -0.56 to 0.84 
Racil et al. (2016) Body fat (%) -3.90* -0.50/-3.40* -0.59 -1.06 to -0.12 
Rosenkranz et al. (2012) Body fat (%) -2.20 -1.00 -0.17 -0.80 to 0.45 
Tjønna et al. (2009) Body fat (%) -0.90** -0.30 3.00 2.35 to 3.65 
      
Sperlich et al. (2011) FFM (kg) 1.00 0.90 0.71 0.28 to 1.13 
Significantly different from baseline (*p<0.05, **p<0.01), avalues adjusted for sex, baseline value and maturity offset, N/A = effect size not 
calculated due to no reported post-intervention means, HIIT high-intensity interval training group, CI confidence interval, BMI body mass index, 
FFM fat-free mass 
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BMI and BF% associated with a medium-to-large effect sizes following a 3-month 
intervention. 
It is pertinent to note that while other studies failed to find a significant improvement 
in measures of body mass or composition, there was a general trend for greater change 
in body mass and composition in the HIIT group (Baquet et al., 2002; Nourry et al., 
2005; Rosenkranz et al., 2012; Sperlich et al., 2011; K. L. Weston et al., 2016). The 
exception to this was Baquet et al. (2001), who saw significant increases to BMI and 
BF% for both the HIIT protocol and the control group, however, this study was deemed 
to have a high risk of bias. While no significant benefits were reported in pre-pubertal 
children, significant improvements in body mass and composition have been 
demonstrated in pubertal children (Racil et al., 2016; Tjønna et al., 2009), suggesting 
a potential maturational effect. There were insufficient data to examine potential sex 
differences regarding the efficacy of HIIT in eliciting significant changes in body 
composition. 
Cardiovascular health 
Blood pressure 
Five studies investigated the effect of HIIT on SBP and DBP, with the majority 
concluding significant benefits were obtained (Table 3.5). Specifically, two studies 
that were assessed to be of low risk of bias, Tjønna et al. (2009) and Racil et al. (2016), 
reported significant improvements in both SBP and DBP following the intervention, 
although it is pertinent to note the low effect sizes associated with the improvements 
reported for SBP and DBP in Racil et al. (2016; Table 3.5). Whilst the remaining 
studies (Boddy et al., 2010; Rosenkranz et al., 2012; K. L. Weston et al., 2016) reported 
no significant differences, they demonstrated a trend towards a lower SBP and DBP. 
Interestingly, Boddy et al. (2010), demonstrating methodological rigour through a low 
risk of bias, found an increase in both DBP and SBP in the HIIT group and reductions 
in the control group, though not significant. Regarding maturation differences, no 
studies examining pre-pubertal children reported significant changes, whereas 
significant improvements were reported in pubertal populations (Racil et al., 2016; 
Tjønna et al., 2009). Sex differences could not be investigated due to insufficient data.
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Table 3.5 Baseline to post-intervention changes in SBP/DBP and effect size between HIIT and control/moderate protocols 
Study Outcome 
measure 
HIIT (mean 
change from 
baseline) 
Control/moderate 
(mean change 
from baseline) 
Effect size 
(Cohen’s d) 
95% CI 
Boddy et al. (2010) SBP (mmHg) 10.10 -1.40 0.34 0.08 to 0.61 
Racil et al. (2016) SBP (mmHg) -0.60* 0.00/-0.40* 0.00 -0.26 to 0.26 
Rosenkranz et al. (2012) SBP (mmHg) -2.20 -2.50 -0.54 -0.82 to -0.26 
Tjønna et al. (2009) SBP (mmHg) -9.40** -2.50* -2.00 -2.31 to -1.69 
K. L. Weston et al. (2016) SBP (mmHg) -5.00a -1.00a N/A N/A 
      
Boddy et al. (2010) DBP (mmHg) 5.90 -4.10 1.14 0.75 to 1.52 
Racil et al. (2016) DBP (mmHg) -6.00* -1.00/-4.00* -0.32 -0.64 to 0.01 
Rosenkranz et al. (2012) DBP (mmHg) -2.50 -1.70 -0.83 -1.18 to -0.48 
Tjønna et al. (2009) DBP (mmHg) -5.50** 1.80 -1.50 -1.89 to -1.11 
K. L. Weston et al. (2016) DBP (mmHg) -6.00a -4.00a N/A N/A 
Significantly different from baseline (*p<0.05, **p<0.01), avalues adjusted for sex, baseline value and maturity offset, N/A = effect size not 
calculated due to no reported post-intervention means, HIIT high-intensity interval training group, CI confidence interval, SBP systolic blood 
pressure, DBP diastolic blood pressure 
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Cardiovascular disease biomarker health 
Four studies examined the effect of HIIT on cardiovascular disease biomarkers, 
specifically blood glucose (n = 4), total cholesterol (n = 2), HDL-cholesterol (n = 3), 
LDL-cholesterol (n = 1), blood triglyceride (n = 3) and insulin (n = 2), concluding that 
HIIT is an effective strategy for such improvements (Table 3.6). All of the studies 
demonstrated significant (Racil et al., 2016; Rosenkranz et al., 2012; Tjønna et al., 
2009) or clinically substantial (K. L. Weston et al., 2016) improvements in multiple 
cardiovascular disease biomarker outcome measures. Tjønna et al. (2009) reported 
significant improvements for blood glucose in favour of the HIIT group (p < 0.01) 
compared to the control group (p < 0.05), with an effect size indicating large, clinically 
important differences (d = -1.43, 95% CI -3.01 to 0.16). Additionally, results from 
Rosenkranz et al. (2012) suggest large significant reductions in total cholesterol 
compared to the control group. Further, the associated effect size (d = -0.93, 95% CI -
1.16 to -0.70) suggested highly clinically important differences. Rosenkranz et al. 
(2012) saw significant reductions (p < 0.05) in LDL-cholesterol as a result of HIIT, 
with a large and clinically important difference (d = -1.67, 95% CI -2.03 to -1.31) 
compared to a small, non-significant increase in the control group. Examining blood 
insulin results in Tjønna et al. (2009), larger significant reductions in the HIIT group 
were found compared to the control group, with further significant reductions after a 
12-month follow-up. In addition, HDL-cholesterol significantly improved in the HIIT 
group compared to a non-significant increase in the control group. Furthermore, Racil 
et al. (2016) reported significant reductions in blood glucose and insulin in both HIIT 
and moderate-intensity protocols compared to a control group, with a greater 
improvement reported in the HIIT group for both measures. Effect sizes for both blood 
glucose and insulin were low-to-moderate (d = 0.32, 95% CI -0.44 to 0.13) and large 
(d = -0.82, 95% CI -1.55 to -0.10), respectively. Notwithstanding the finite 
improvement in blood triglycerides, K. L. Weston et al. (2016) reported clinically 
substantial beneficial effects as a result of HIIT despite increased triglyceride levels 
reported in the control group. Despite these encouraging findings, it is pertinent to note 
that the studies by Rosenkranz et al. (2012) and K. L. Weston et al. (2016) were 
assessed to have ‘some’ and a ‘high’ risk of bias, respectively, therefore, caution 
should be taken when interpreting these studies as methodological limitations may 
have confounded the results. There was no effect due to maturation on cardiovascular 
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disease biomarkers, with significant or clinically substantial improvements found in 
both pre-pubertal (Rosenkranz et al., 2012) and pubertal (Racil et al., 2016; Tjønna et 
al., 2009; K. L. Weston et al., 2016) children. Sex differences were not reported and, 
therefore, their effect is unknown. 
HIIT protocol 
All studies included in this review provided a detailed description of their intervention 
protocol in terms of session structure, duration, intensity and frequency, in addition to 
intervention duration; key details of these are summarised in Table 3.1 and Table 3.2. 
Based on the four studies that demonstrated significant health improvements (Racil et 
al., 2016; Rosenkranz et al., 2012; Tjønna et al., 2009; K. L. Weston et al., 2016), a 
running-based HIIT intervention at an intensity of >90% maximum HR/100-130 % 
maximal aerobic velocity, 2-3 times a week with a minimum intervention duration 
lasting 7 weeks could be considered the suggested practice. However, suggested 
exercise session duration and rest intervals remain ambiguous due to the variance 
across the studies, a notion also supported by Baquet, van Praagh and Berthoin (2003). 
68 
 
Table 3.6 Baseline and post-intervention changes in cardiovascular disease biomarkers and effect size between HIIT and control/moderate 
protocols. 
Study Outcome measure HIIT (mean 
change from 
baseline) 
Control/moderate 
(mean change 
from baseline) 
Effect size 
(Cohen’s d) 
95% CI 
Racil et al. (2016) Glucose (mmol·l-1) -0.20* 0.00/-0.20* -0.32 -0.44 to 0.13 
Rosenkranz et al. (2012) Glucose (mg·dl-1) 5.20 0.40 -0.16 -1.80 to 1.17 
Tjønna et al. (2009) Glucose (mmol·l-1) -0.30** -0.10 -1.43 -3.01 to 0.16 
K. L. Weston et al. (2016) Glucose (mmol·l -1) -0.10a -0.03a N/A N/A 
      
Rosenkranz et al. (2012) Total cholesterol (mg·dl-1) -22.00* 2.40 -0.93 -1.16 to -0.70 
K. L. Weston et al. (2016) Total cholesterol (mmol·l -1) -0.24a 0.00a N/A N/A 
      
Rosenkranz et al. (2012) HDL-cholesterol (mg·dl-1) 9.90 3.60 0.42 0.02 to 0.81 
Tjønna et al. (2009) HDL-cholesterol (mmol·l -1) 0.11* 0.09 0.35 -0.50 to 1.20 
K. L. Weston et al. (2016) HDL-cholesterol (mmol·l -1) -0.14a -0.24a N/A N/A 
      
Rosenkranz et al. (2012) LDL-cholesterol (mg·dl-1) -34.80* -5.60 -1.67 -2.03 to -1.31 
      
Rosenkranz et al. (2012) Triglycerides (mg·dl-1) 23.50 3.50 -0.07 -0.33 to 0.19 
Tjønna et al. (2009) Triglycerides (mmol·l -1) -0.50 -0.10 -0.71 -1.57 to 0.14 
K. L. Weston et al. (2016) Triglycerides (mmol·l -1) -0.05a 0.18a N/A N/A 
      
Racil et al. (2016) Insulin (IU·ml-1) -5.70* -0.80/-4.30* -0.82 -1.55 to -0.10 
Tjønna et al. (2009) Insulin (pmol·l-1) -54.30* -33.00* -0.46 -0.70 to -0.22 
Significantly different from baseline (*p<0.05, **p<0.01), avalues adjusted for sex, baseline value and maturity offset, N/A = effect size not 
calculated due to no reported post-intervention means, HIIT high-intensity interval training group, CI confidence interval, HDL high-density 
lipoprotein cholesterol, LDL low-density lipoprotein cholesterol 
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Discussion 
The aim of the current review was to synthesise previous literature that examined HIIT 
in children and adolescents and establish its potential effect on body composition, 
cardiometabolic and cardiovascular health. In addition, this review aimed to identify 
an optimal HIIT protocol with regard to session structure, intensity, frequency and 
duration. In accord with this aim, 13 studies were evaluated providing evidence 
suggesting that HIIT can significantly improve certain health parameters in children 
and adolescents. However, evidence supporting the overall effectiveness of HIIT as a 
means of eliciting improvements to all the specified health outcomes remains unclear. 
Some guidelines for a HIIT protocol were established, though recommendations for 
certain protocol details remain unidentified. 
Advancing previous reviews (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015; 
Logan et al., 2014), the findings of the current review suggest that pubertal children 
may achieve a greater benefit as a result of HIIT when compared to pre-pubertal 
children, a topic that has been widely debated (McNarry, Mackintosh, & Stoedefalke, 
2014; McNarry, Welsman, & Jones, 2011; Mirwald, 1981; Ostojic, Stojanovic, Jukic, 
Pasalic, & Jourkesh, 2009). However, it is pertinent to note that this may be a 
consequence of several methodological factors that restrict the interpretation of 
previous studies. Firstly, the duration of the HIIT interventions examining pubertal 
participants tended to be longer than those in pre-pubertal children. Given the present 
findings suggesting that a minimum of 7 weeks is required for significant adaptations 
to be manifest, this shorter intervention duration may lead to erroneous conclusions 
regarding the efficacy of HIIT in this population. Furthermore, differences in the 
participant characteristics between pre-pubertal and pubertal studies with regard to 
baseline body mass or body composition and health status may confound interpretation 
of inter-study differences and their attribution to maturity per se. Specifically, the 
majority of studies in pre-pubertal children utilised those of a normal weight compared 
to the inclusion of overweight or obese participants in pubertal studies, which may 
predispose these latter studies to demonstrating greater health benefits, irrespective of 
their biological age. Moreover, both Tjønna et al. (2009) and Racil et al. (2016) did 
not report maturation stages, subsequently casting ambiguity over the cohort’s true 
maturational stage. Despite this, when focusing on the additional study involving 
pubertal children (K. L. Weston et al., 2016), it generally elicited greater 
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improvements in outcome measures when compared to the study involving pre-
pubertal children (Rosenkranz et al., 2012). Moreover, only two of the studies 
involving pubertal children that demonstrated positive significant results (Racil et al., 
2016; Tjønna et al., 2009) considered dietary intake; a failure to account for changes 
in dietary intake, which is strongly associated with cardiometabolic health (Funtikova, 
Navarro, Bawaked, Fíto, & Schröder, 2015) and obesity (Gillis, Kennedy, Gillis, & 
Bar-Or, 2002) in children and adolescents, confounds the interpretation of the results 
and their attribution to the exercise per se. Finally, in addition to the aforementioned 
methodological limitations, the interpretation of the overall findings of this study may 
also be limited by mixed risk of bias between the significant studies. 
An additional factor that may contribute to the collective ambiguity regarding the 
overall effectiveness of HIIT is the “compensation effect”. Specifically, a recent study 
has suggested that school children appear to compensate for increased physical activity 
levels, with a reduction in physical activity undertaken the following day (Ridgers et 
al., 2014). Additionally, the “activitystat” hypothesis suggests that increased levels of 
physical activity during one part of the day may result in a compensatory decrease in 
physical activity in another part (Rowland, 1998). Therefore, there is scope to suggest 
that prescribing exercise that reflects the characteristics of children’s comparatively 
elevated levels of habitual play (Brodersen, Steptoe, Boniface, & Wardle, 2007) may 
result in a decrease in habitual physical activity levels that day or the subsequent day. 
This therefore highlights the need to measure habitual physical activity, as was the 
case for only four of the studies included within this review (Boddy et al., 2010; 
Rosenkranz et al., 2012; Tjønna et al., 2009; K. L. Weston et al., 2016), alongside the 
previously outlined study outcomes. Regarding the effect of HIIT between sexes, no 
conclusions could be drawn as none of the studies included in this review provided a 
breakdown of between sex differences. This could have implications for future 
research, given the possibility that effects of exercise interventions on body size 
(Lazaar et al., 2007; Martínez-Vizcaíno et al., 2014), cardiorespiratory (Obert et al., 
2003) and cardiometabolic health (Martínez-Vizcaíno et al., 2014) may be sex-
dependent in children. Therefore, future studies should endeavour to report a more 
expansive breakdown of results, thus providing clarification as to possible sex and 
maturational differences associated with HIIT. 
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Whilst the studies within this review have advanced our understanding regarding the 
influence of HIIT in children under laboratory-based conditions, the relatively small 
sample sizes and intervention delivery methods highlight potential issues regarding 
larger scale implementation of HIIT. Schools have frequently been used as a 
foundation in the implementation of physical activity interventions (Christian et al., 
2016; Mackintosh et al., 2016) due to their access to a greater population of children, 
who spend 40% of their waking hours there (Fox et al., 2004), and are widely accepted 
as one of the most effective locations to promote physical activity and health. 
Furthermore, previous studies have demonstrated how short-term HIIT interventions 
have been successfully embedded within the school timetable (Boddy et al., 2010; 
Costigan, Eather, Plotnikoff, Taaffe, Pollock, et al., 2015). It has been suggested that 
HIIT can allow for greater class control compared to conventional physical education 
lessons, and can be adapted to include specific movements related to different sports 
(Ratel et al., 2004). Therefore, given the promising findings regarding the 
effectiveness of HIIT, future research may wish to consider how long-term HIIT 
interventions could be incorporated within the school environment. A key 
consideration in the development of future interventions, and participants’ engagement 
in and adherence to the devised program, is a participant’s perceived enjoyment. 
Whilst HIIT has been suggested to be a preferable exercise modality to more 
conventional, aerobic exercise (Logan et al., 2014), further research is required, with 
only one study in the present review considering this aspect of intervention 
development and implementation (Lambrick et al., 2016). Finally, the sustained post-
intervention efficacy of HIIT interventions that reported significant improvements to 
body composition, cardiometabolic and cardiovascular health in children and 
adolescents remains indeterminate owing to a predominant scarcity of studies 
reporting a post-intervention follow-up. Therefore, future studies should incorporate a 
follow-up period within their study design to assess the long-term post-intervention 
sustainability of positive HIIT elicited benefits. 
Conclusion 
High-intensity interval training is a time-effective method of improving cardiovascular 
disease biomarker health in children and adolescents. However, evidence supporting 
its effectiveness in additional health measures remains equivocal. This review suggests 
that running-based sessions, at an intensity of >90% maximum HR/100-130% 
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maximal aerobic velocity, 2-3 times a week and with a minimum intervention duration 
lasting >7 weeks, elicit improvements in health markers; however, these findings are 
limited by the mixed risk of bias between the significant studies. Further 
recommendations as to exercise duration and rest intervals remain ambiguous due to 
the paucity and methodological limitations of studies presently available. 
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Chapter 4 – The association between physical activity, fitness and body size and 
their effect on mental well-being and quality of life in children and adolescents 
(Study 1) 
The following chapter has been published as an original article in a peer-reviewed 
journal (Eddolls, W. T. B., McNarry, M. A., Lester, L., Winn, C. O. N., Stratton, G., 
& Mackintosh, K. A. (2018). The association between physical activity, fitness and 
body mass index on mental well-being and quality of life in adolescents. Quality of 
Life Research). With the exception of some minor amendments, it has been presented 
in its published form. The fully published version of this study can be found in 
Appendix B (p. 190-197). 
Introduction 
Quality of life (QoL), a subset of health defined by the World Health Organisation to 
include the physical, mental and social well-being of a person (World Health 
Organization, 2006), is widely recognised as a fundamental element in the evaluation 
of population health (Helseth & Misvær, 2010) and should be considered the 
underlying target for health interventions (Ravens-Sieberer, Herdman, et al., 2014). 
Nonetheless, despite its widely accepted importance, recent findings have suggested 
that self-reported QoL has significantly declined in adolescents over the last decade 
(Cui & Zack, 2013), highlighting the need for interventions that specifically target 
QoL in this population. However, due to the subjective nature of QoL, it cannot be 
directly enhanced (Zack, 2013). Therefore, the influence of health-related parameters 
warrants further attention as potential mediators through which to enhance QoL. 
Previous research has shown that interventions that modify certain health behaviours 
associated with QoL, such as physical health and mental well-being, can indirectly 
elicit improvements in QoL. Cardiorespiratory fitness and body mass index (BMI), 
which are important indicators of health (Ortega et al., 2008; Ruiz et al., 2009) that 
predict one another (Monyeki et al., 2012), also predict QoL; those with a higher 
cardiorespiratory fitness experience a better QoL (J. R. Andersen et al., 2017; Morales 
et al., 2013; Sloan et al., 2009), and overweight or obese individuals typically 
experience a poorer QoL (Swallen et al., 2005; J. Williams et al., 2005). Moreover, 
mental well-being and low physical activity levels, further prominent indicators of 
health (Warburton, Nicol, & Bredin, 2006; World Health Organization, 2006), have 
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also been shown to influence QoL, with those suffering from mental health issues, or 
not meeting physical activity guidelines of 60 minutes of moderate-to-vigorous 
physical activity per day, at greater risk of a poor QoL (Sharpe et al., 2016; Wafa et 
al., 2016). However, despite these predictors being identified, the interaction between 
them and the influence of mental health on QoL remains to be elucidated. Indeed, little 
research has explored the potential indirect relationships between health behaviours 
and their mediating and interactive influence on QoL. For example, when compared 
to moderate physical activity (MPA), vigorous physical activity (VPA) has been 
associated with fewer symptoms of depression (Gerber et al., 2014), the most common 
form of mental illness in the UK (National Collaborating Centre for Mental Health, 
2011) and has also been shown to predict cardiorespiratory fitness and adiposity 
(Parikh & Stratton, 2011) more time-efficiently (I.-M. Lee & Paffenbarger, 2000; Yu, 
Yarnell, Sweetnam, & Murray, 2003). Thus, VPA levels have the potential to 
indirectly, yet substantially, affect QoL through symptoms of depression, adiposity 
and cardiovascular fitness. 
In addition to providing a more comprehensive oversight of the mediating factors 
affecting QoL, establishing a link between body composition, cardiorespiratory 
fitness, symptoms of depression, QoL and VPA, specifically, may also help to inform 
future research. Indeed, research has suggested that individuals may be able to achieve 
the benefits accrued from achieving physical activity guidelines more time-efficiently 
by substituting moderate physical activity with VPA (I.-M. Lee & Paffenbarger, 2000; 
Yu, Yarnell, Sweetnam, & Murray, 2003). Furthermore, Parfitt et al. (2009) found that, 
compared to light and moderate physical activity, VPA was associated with a positive 
psychological profile. Moreover, given the association between VPA and high-
intensity interval training (HIIT; Costigan et al., 2017), determining the relationship 
between VPA, physical health, mental well-being and QoL may also substantiate 
previously outlined physiological HIIT protocol guidelines (Eddolls, McNarry, 
Stratton, Winn, & Mackintosh, 2017) within a psychological and QoL setting. 
Therefore, the purpose of the current study was to investigate the relationships between 
VPA, BMI and cardiorespiratory fitness on symptoms of depression, and their 
subsequent direct and indirect effects on QoL in children and adolescents using 
structural equation modelling (SEM). 
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Methods 
Participants 
Five comprehensive schools located in South Wales (UK) were randomly stratified 
from fifteen who were initially invited to participate in a wider randomised control 
trial (the X4A trial: eXercise for Asthma with Commando Joe’s) and included within 
this study. Based on the most recent Estyn reports and the Welsh Index of Multiple 
Deprivation, the participating schools ranged in size from 625-1,119 pupils, with 
deprivation ranging between the second and fifth quintiles. Given that participating 
schools were unwilling to allow their year 11 pupils to participate due to the academic 
pressures of examinations, only years 7-10 were invited to participate and provided 
information sheets. Following headteacher and parental consent and child/adolescent 
assent (Appendix C-K; p. 198-219), five hundred and seventy-six children and 
adolescents (314 boys, 12.5 ± 1.1 years) participated. Within the intervention school 
and largest control school, from an estimated 1,500 pupils, 28% returned parental 
consent and child assent forms. For the 3 additional schools, however, only specific 
physical education lessons could be targeted with total number of children eligible not 
known. As such, information as to the participation rate for these schools is not 
available. Measures were taken over approximately 6 weeks at the beginning of the 
academic year (September-October). Participants that were included within Studies 2 
and 3 were also included within this study. Approval to conduct this research was 
granted by the institutional ethical advisory committee (ethics number: PG/2014/29) 
and performed in accordance with the Declaration of Helsinki. 
Measures 
Anthropometric and maturity assessment 
Stature and body mass were measured, to the nearest 0.1 cm and 0.1 kg, respectively, 
using a stadiometer (Seca 213, Seca Ltd, Birmingham, UK) and body mass scales 
(Seca 899, Seca Ltd, Birmingham, UK). From these measures, BMI was calculated. 
Given the ease of data collection and analysis in addition to the risk of multi-
collinearity with BMI by using peak height velocity (Mirwald, Baxter-Jones, Bailey, 
& Beunen, 2002), maturational status was assessed using self-reported indices of pubic 
hair, as described by Tanner (1962; Appendices L & M; p. 220-221). Considered the 
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gold-standard for measuring pubertal stage (Schmitz et al., 2004), self-reported Tanner 
stage pubertal assessment is considered sufficiently accurate for large epidemiological 
studies (Rasmussen et al., 2015). 
Physical activity levels 
Measures of physical activity are vast with a wide array of both objective and 
subjective tools available. Whilst subjective measures such as questionnaires have 
previously been utilised in large scale studies, these methods have several limitations 
(Shephard, 2003). Consequently, only objective measures, such as heart rate (HR) 
telemetry and accelerometery, were considered. Although Actihearts (CamNTech, 
Cambridge, UK) are perhaps considered the leading field instrument for measuring 
energy expenditure (Butte et al., 2010), their cost was prohibitive. As such the GT3X+ 
(ActiGraph, Pensacola, FL, USA) was used to measure and record the quantity, 
intensity and frequency of body movement. Although other accelerometer devices 
such as the GENEActiv (Activinsights, Kimbolton, UK) are available, the GT3X+ is 
widely considered as the leading valid and reliable objective measure of physical 
activity (Trost, 2007),  which is relatively inexpensive compared to objectively 
assessed energy expenditure. Furthermore, given the abundance of accelerometers 
available to the study, using the GT3X+ was identified as a much more pragmatic 
approach. As such, participants were asked to wear the GT3X+ accelerometer, set at 
100 Hz, on their right mid-axilla line at the level of the iliac crest for seven full days, 
only removing it if they undertook contact or water-based activities. Wear-time diaries 
were used to log why the accelerometers were taken off and for how long. Data was 
analysed using KineSoft (version 3.3.67; KineSoft, Saskatchewan, Canada) employing 
1 second epochs with sustained periods of at least 20 minutes at zero counts considered 
non-wear-time (Catellier et al., 2005). A minimum daily wear-time of 10 hours for 3 
days, including 1 weekend day, was selected in order to provide a more accurate 
overview of participants habitual physical activity levels (Rich et al., 2013). Of the 
576 participants who received an accelerometer, 323 (56%) met this criteria. Evenson, 
Catellier, Gill, Ondrak and McMurray (2008) cut-points, shown to be valid and reliable 
determinants of activity intensity in children and adolescents (Trost, Loprinzi, Moore, 
& Pfeiffer, 2011), were used to calculate time spent in vigorous physical activity 
(>4012 counts per minute). 
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Depression 
Although there are other questionnaires available that perhaps have greater validity, 
for example the Hamilton Rating Scale for Depression (HAM-D; Hamilton, 1960) and 
the Beck Depression Inventory (BDI; Beck et al., 1961), these scales were not 
pragmatic nor feasible. Indeed, the HAM-D requires a trained clinician to administer 
the test on an individual basis and the BDI is copyrighted and requires a fee for each 
copy used. As such, symptoms of depression were measured using the Center for 
Epidemiologic Studies Depression Scale for Children (CES-DC) questionnaire 
(Weissman et al., 1980; Appendix N; p. 222). Validated for use within the child and 
adolescent population (Binagwaho, Stulac, & Beardslee, 2012; Fendrich, Weissman, 
& Warner, 1990; Stockings et al., 2015), the CES-DC is a 20-item scale with overall 
scores ranging from 0-60 with higher scores representing a greater level of depressive 
symptoms. In order to assess the reliability or internal consistency of the test items, 
Cronbach’s Alpha (Cronbach, 1951) was used. This method correlates each scale item 
with the total score for each observation, then compares it to the variance for all 
individual item scores. Scores can range between 0-1 with an α > 0.7 often deemed the 
minimum acceptable threshold. Internal reliability for the CES-DC, was deemed good 
(α = 0.911). 
Quality of life 
Perceived QoL was assessed using the Pediatric Quality of Life Inventory (PedsQL) 
Teenager Report, Version 4.0 (Varni et al., 1999; Appendix O; p. 223), a widely 
validated 23-item scale designed for use with participants aged between 13-18 years 
(Varni et al., 2006, 2003, 2001). Within the construct of the 23-item questionnaire, the 
measure is broken down into four scales: physical (n = 8), emotional (n = 5), social (n 
= 5) and school functioning (n = 5). From these scales, physical (n = 8) and 
psychological (n = 15) summary scores were calculated. Scores ranged between 0-100, 
with higher scores indicative of a better QoL. In line with Chapter 2, whilst the 57-
item KIDSCREEN (Ravens-Sieberer et al., 2005) has shown comparative validity 
(Janssens et al., 2008), given the fewer number of items and smaller estimated 
completion time, the PedsQL was deemed the most pragmatic choice. Internal 
reliabilities, for physical QoL (α = 0.759) and psychological QoL (α = 0.875) deemed 
acceptable (Cronbach, 1951). 
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Cardiorespiratory fitness  
Cardiorespiratory fitness was estimated using the multi-stage fitness test (MSFT), a 
previously validated field measure in children (Boreham, Paliczka, & Nichols, 1990; 
Mayorga-Vega, Aguilar-Soto, & Viciana, 2015). The MSFT was conducted over a 20-
metre space, in a hard-floor indoor sports hall, with the total number of shuttles 
completed used as a score marker.  
Statistical analysis 
Analysis was guided by Ferrans, Zerwic, Wilbur and Larson's (2005) updated Wilson 
and Cleary (1995) conceptual model, which hypothesised that measured health 
outcomes can predict QoL. Data were analysed using IBM SPSS Statistics for 
Windows, Version 22.0 (IBM Corp, Armonk, NY, 2013) and IBM SPSS AMOS for 
Windows, Version 22.0 (IBM Corp, Armonk, NY, 2013). Missing data (n = 903, 
17.4%) were imputed using an expectation-maximisation (EM) algorithm. For BMI, 
cardiorespiratory fitness, anxiety, depression and QoL, the reasons for missing data 
was as a result of participants being absent from school or unavailable when data 
collection took place. For physical activity, there was poor wear-time compliance and 
therefore the physical activity data of all participants not meeting the wear-time criteria 
were excluded. Structural equation modelling was used to evaluate the difference in 
linear structural associations between variables. Direct effects were estimated using 
direct path coefficients between two measured variables and indirect associations were 
estimated as a product of two direct effects between three measured variables. This 
second-generation multivariate technique is used to analyse structural relations using 
a combination of factor analysis and multiple regression. In contrast to first-generation 
statistical techniques such as multiple regression, using structural equation modelling 
allows for multiple dependent variables and can simultaneously evaluate model 
construct relationships. Given the potential confounding effects in children and 
adolescents (Baxter-Jones, Eisenmann, & Sherar, 2005), sex and maturation were 
accounted for within the model. All data are presented as mean ± SD, with a 
statistically significant criterion set at p < 0.05. For analysis, unless otherwise stated, 
data were standardised (β). 
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Results 
Dichotomised by sex, the means and SD of maturation, BMI, cardiorespiratory fitness, 
depression, physical and psychological QoL and VPA are presented in Table 4.1. 
Table 4.1 Means and SD among of the measured variables of the study participants, 
dichotomised by sex. 
 Boys 
(n = 314) 
Girls 
(n = 262) 
Maturation 3.4 ± 1.0 3.0 ± 1.0 
BMI 20.9 ± 4.1 20.7 ± 3.7 
MSFT 46.9 ± 23.1 33.2 ± 14.7 
CES-DC 14.3 ± 10.0 20.3 ± 11.6 
PedsQL (Physical) 81.1 ± 14.9 77.1 ± 14.8 
PedsQL (Psychological) 78.6 ± 15.8 73.3 ± 17.0 
VPA 26 ± 10 22 ± 7 
SD standard deviation, MSFT multi-stage fitness test, BMI body mass index, CES-
DC Center for Epidemiologic Studies Depression Scale, PedsQL Pediatric Quality of 
Life Inventory, VPA vigorous physical activity 
Confirmatory factor analysis 
Inspection of the model fit indices (NFI = 0.981, TLI = 0.982, CFI = 0.991, RMSEA 
< 0.05) suggested that the model was acceptable. Standardised parameter estimates for 
the measurement model are provided in Figure 4.1. 
Structural equation model 
Standardised and unstandardised regression weights with standard errors between 
variables included within the model are provided within Table 4.2. 
Vigorous physical activity 
The model (Figure 4.1) revealed that VPA was directly related to BMI (β = -0.293, p 
< 0.001) and cardiorespiratory fitness (β = 0.242, p < 0.05), and indirectly related to 
depressive symptoms scores (β = -0.034, p < 0.001) and physical QoL (β = -0.038, p 
< 0.001), mediated by BMI and cardiorespiratory fitness, respectively. 
Body mass index 
Body mass index was directly related to cardiorespiratory fitness (β = -0.331, p < 
0.001) and depressive symptoms scores (β = 0.117, p < 0.05). Indirect relationships 
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were found between BMI and physical QoL, mediated by cardiorespiratory fitness (β 
= 0.053, p < 0.001) and symptoms of depression (β = -0.061, p < 0.001). Additionally, 
an indirect relationship was found between BMI and psychological QoL (β = -0.092, 
p < 0.001), mediated by symptoms of depression. 
Cardiorespiratory fitness 
Cardiorespiratory fitness had direct relationship with physical QoL (β = 0.159, p < 
0.001). 
Depression 
There was a direct relationship between symptoms of depression and psychological 
QoL (β = -0.788, p < 0.01) and physical QoL (β = -0.519, p < 0.001). 
Maturation and sex 
Maturation directly affected BMI (β = 0.147, p < 0.001) and cardiorespiratory fitness 
scores (β = 0.255, p < 0.001), whilst sex was found to directly affect VPA (β = -0.179, 
p < 0.01), cardiorespiratory fitness (β = -0.237, p < 0.001) and depressive symptoms 
(β = 0.270, p < 0.001). 
Table 4.2 Standardised and unstandardised regression weights with standard errors 
Paths β B SE 
Sex → VPA -0.18 -3.34 0.76 
Maturation → BMI 0.15 0.55 0.15 
VPA → BMI -0.29 -0.13 0.02 
Maturation → MSFT 0.26 0.53 0.07 
BMI → MSFT -0.33 -0.18 0.02 
BMI → CESDC 0.12 0.33 0.11 
VPA → MSFT 0.24 0.06 0.01 
Sex → CESDC 0.27 6.04 0.89 
Sex → MSFT -0.24 -1.04 0.15 
CESDC → PedsQL (Psychological) -0.79 -1.17 0.04 
MSFT → PedsQL (Physical) 0.13 0.89 0.20 
CESDC → PedsQL (Physical) -0.53 -0.70 0.05 
β standardised regression weight, B unstandardised regression weight, SE standard 
error, MSFT multi-stage fitness test, BMI body mass index, CES-DC Center for 
Epidemiologic Studies Depression Scale, PedsQL Pediatric Quality of Life 
Inventory, VPA vigorous physical activity
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Figure 4.1 Structural equation model (SEM) of physical activity levels, physiological health and their effect on mental well-being and quality of 
life in children and adolescents with standardised beta coefficients (*p < 0.05, **p < 0.01)
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Discussion 
This study investigated the relationship and mediatory effects between physical 
activity levels, BMI, cardiorespiratory fitness and symptoms of depression, and their 
subsequent effect on physical and psychological QoL. Models suggested that VPA, 
cardiorespiratory fitness and BMI were associated, both directly and indirectly, with 
mental well-being and physical and psychological QoL. It could therefore be 
postulated that enhancing cardiorespiratory fitness and BMI through increasing VPA 
may be beneficial to both mental well-being and QoL in children and adolescents. 
The current results show that, in accord with previous literature (Luppino et al., 2010; 
Roberts, Deleger, Strawbridge, & Kaplan, 2003), a healthier BMI is associated with 
fewer symptoms of depression. It is possible that this association, at least in part, may 
be due to psychosocial factors associated with BMI. For example, stigmatisation 
towards those that have a higher BMI may cause lower self-esteem, induce negative 
self-images and lead to perceptions of social isolation, thus eliciting depressive 
symptoms (C. E. Ross, 1994). A review by Markowitz et al. (2008) also proposes that 
the association between obesity and depression is related to concerns regarding self-
perceived health and appearance, whereby those with higher BMI experience, or are 
more vulnerable to, depression. Physiologically, overweight and obesity may lead to 
hypothalamic-pituitary-adrenal (HPA) axis dysregulation (Pasquali & Vicennati, 
2000) and the onset of comorbidities, such as insulin resistance and consequent type 
II diabetes (Bastard et al., 2006), both of which are associated with alterations to the 
brain and increase the likelihood of depressive symptoms (Ajilore et al., 2007; 
Belanoff, Kalehzan, Sund, Fleming Ficek, & Schatzberg, 2001; Holsboer, 2000). 
Congruent with previous research (Sharpe et al., 2016), findings from the present study 
suggest that lower levels of depressive symptoms were associated with higher levels 
of psychological and physical QoL, highlighting the link between mental well-being 
and QoL. In addition to the direct associations with depressive symptoms, the model 
also proposes that a healthier BMI is indirectly associated with a greater psychological 
and physical QoL, mediated by levels of depressive symptoms and cardiorespiratory 
fitness, respectively. As outlined in previous literature (Kearns, Ara, Young, & Relton, 
2013; Mclaughlin & Hinyard, 2014; Sach et al., 2007), these findings, therefore, 
identify BMI as a key influential factor that can significantly affect an individual’s 
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QoL. Indeed, interventions designed to improve QoL via a reduction in BMI have 
reported positive results (Rippe et al., 1998; Rothberg et al., 2015). 
Beyond depressive symptoms and BMI, participants with a higher cardiorespiratory 
fitness also experienced a better physical QoL (J. R. Andersen et al., 2017). Given the 
link between cardiorespiratory fitness and BMI observed in this study and elsewhere 
(Stratton et al., 2007), the association between cardiorespiratory fitness and physical 
QoL (Lowery et al., 2005) may also be related to a negative self-image and self-esteem 
(C. E. Ross, 1994), or body-image (Nayir, Uskun, Yürekli, Çelick, & Okyay, 2016), 
components that are encompassed within the physical QoL measurement. In addition 
to psychosocial issues, given that disease impairs QoL (Häkkinen et al., 2010), it could 
be postulated that the effect of cardiorespiratory fitness on QoL may be related to its 
association with an increased risk of physical morbidities (D. Lee, Artero, Sui, & Blair, 
2010). However, the physiological mechanisms explaining the connection between 
cardiorespiratory fitness and QoL are not entirely understood (Clennin et al., 2015) 
and therefore warrant further research. Nevertheless, given the relationship between 
cardiorespiratory fitness and exercise (Garber et al., 2011), it could be postulated that 
exercise may be an effective means of improving QoL. More specifically, given that 
recent research has suggested that HIIT is a more potent and time-efficient method of 
inducing improvements to cardiorespiratory fitness (Tjønna et al., 2009; K. L. Weston 
et al., 2016), it could be proposed that HIIT could significantly promote QoL.  
In support of HIIT as an effective and time-efficient form of exercise, given its 
association with increased VPA (Costigan et al., 2017), a further interesting finding 
was that, whilst higher levels of VPA were directly associated with lower BMI and 
increased cardiorespiratory fitness (Drenowatz et al., 2016; Kenchaiah et al., 2009), 
higher levels of VPA were also indirectly associated with fewer symptoms of 
depression, mediated by BMI. It is postulated that, similar to the mechanisms proposed 
previously (Ajilore et al., 2007; Belanoff et al., 2001; Holsboer, 2000; Markowitz et 
al., 2008; C. E. Ross, 1994), the negative correlation between VPA and BMI may be 
associated with improvements in symptoms of depression, due to greater regulation of 
the HPA axis and insulin control, as well as improved self-perceptions in both 
appearance and health. Consequently, increasing VPA may elicit improvements to not 
only a person’s physical health, but also may improve mental well-being. Indeed, Fox 
(1999) found that healthy adults should consider vigorous exercise as a means of 
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improving mental well-being. However, with the exception of Parfitt et al. (2009) and 
Gerber et al. (2014), who found VPA elicited mental health benefits beyond those 
engendered through low physical activity and moderate physical activity, there is 
limited research that focuses on the effects of VPA on mental well-being, especially 
in children and adolescents. Regardless of the limited research and lack of consensus 
(Costigan et al., 2016; Shepherd et al., 2015), the identification of VPA as a moderator 
of mental health in the current study, Gerber et al. (2014) and Parfitt et al. (2009) is 
promising. Indeed, it potentially presents a newfound advocacy for the potential of 
HIIT, to directly and indirectly improve symptoms of depression and both physical 
and psychological QoL, mediated through the well-documented physiological health 
benefits (Racil et al., 2016; Rosenkranz et al., 2012; Tjønna et al., 2009; K. L. Weston 
et al., 2016). 
Congruent with previous research (Pate, Wang, Dowda, Farrell, & O’Neill, 2006; 
Piccinelli & Wilkinson, 1999), the present study demonstrated that sex had a 
significant relationship with both cardiorespiratory fitness and symptoms of 
depression; girls were more likely to experience poorer fitness and mental well-being. 
These differences may, in part, be related to environmental considerations, for 
example, sociocultural roles and psychological attributes (Piccinelli & Wilkinson, 
1999) or hormonal factors (Nolen-Hoeksema, 2001). However, it is also important to 
consider the importance of the divergence in physical development during puberty, 
such as changes to lean muscle and fat (Pate et al., 2006) relating to psychosocial 
factors associated with overweight or obesity (Markowitz et al., 2008; C. E. Ross, 
1994), therefore, further highlighting the need for health interventions to primarily 
focus on improving BMI in order to enhance overall health. 
This is the first study to use SEM to determine both direct and indirect associations 
between physiological health, physical activity levels, mental well-being and QoL. 
Furthermore, the present study accounted for maturational status and sex, both of 
which are often overlooked in child and adolescent studies, as well as using robust, 
previously validated, measures of physical activity (Mattocks et al., 2008; Mayorga-
Vega et al., 2015; Varni et al., 2006). Nonetheless, whilst this study is associated with 
numerous strengths, there are inevitably some limitations. It is anticipated that the 
omission of socio-economic status (SES) within the model, given its well-established 
relationship with the measured variables (Houben-van Herten, Bai, Hafkamp, 
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Landgraf, & Raat, 2015; Olson, Lara, & Frintner, 2004), may limit the interpretation 
of the findings. Despite its frequent utilisation within clinical research, the application 
of BMI is commonly subject to scepticism due to the measure’s inability to 
differentiate between lean and fat body mass (Nevill, Stewart, Olds, & Holder, 2006). 
Additional limitations include the self-reporting of mental well-being and the 
associated disadvantages, such as social desirability (Paulhus & Vazire, 2005). 
However, all of the questionnaires used were previously validated (Binagwaho et al., 
2012; Fendrich et al., 1990; Stockings et al., 2015; Varni et al., 2006, 2003, 2001) and 
demonstrated acceptable reliability. Finally, primarily due to participants failing to 
meet accelerometer wear-time, expectation-maximisation was utilised to impute 
missing data and, whilst it has previously been reported as a valid method (Catellier et 
al., 2005; Nelwamondo, Mohamed, & Marwala, 2007), it is important to acknowledge 
the influence the absence of a complete data set may have had on the findings within 
this study. 
Conclusion  
In conclusion, the present study found that VPA, cardiorespiratory fitness and BMI 
were associated, both directly and indirectly, with mental well-being and physical and 
psychological QoL. As such, it could be suggested that improving cardiorespiratory 
fitness and BMI by increasing VPA may be beneficial to both mental well-being and 
QoL in children and adolescents. Specifically, given the paucity of information and its 
relationship with VPA and cardiorespiratory fitness, future research should explore the 
effects of HIIT as a means to improve mental well-being and QoL. Furthermore, these 
findings suggest that, to elicit improvements to QoL, exercise or physical activity 
interventions should remain multi-faceted, simultaneously focusing on 
cardiorespiratory fitness, BMI and symptoms of depression. Consequently, the next 
chapter will assess the effects of a HIIT intervention on body mass index (BMI), 
cardiorespiratory fitness, physical activity levels, depression, anxiety and QoL in 
adolescents.
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Chapter 5 – The effect of high-intensity interval training on mental well-being 
and quality of life in adolescents: the eXercise for Asthma with Commando Joe’s® 
(X4ACJ) trial (Study 2) 
Introduction 
According to the World Health Organisation, 20% of adolescents will experience a 
mental health problem (World Health Organization, 2003). Indeed, adolescents 
reporting recurrent sensations of anxiety or depression doubled between the mid 
1980’s and mid 2000’s (Collishaw et al., 2010), with one-in-ten 5-16 years olds in the 
UK clinically diagnosed with a mental health disorder (Green et al., 2004). 
Furthermore, such mental illnesses have been associated with poorer quality of life 
(QoL; Sharpe et al., 2016), a fundamental element in the evaluation of adolescent 
health (Helseth & Misvær, 2010), which has also declined during the last decade (Cui 
& Zack, 2013). However, traditional methods for treating mental health issues, such 
as psychotherapy and pharmacological treatments, are expensive (McCrone et al., 
2008), time-consuming (Gladstone et al., 2011) with doubts remaining over their 
effectiveness. Thus, preventing depression and anxiety themselves, rather than treating 
the symptoms, should be a priority, not least given the greater long-term effectiveness 
associated with improving depression and anxiety on QoL (Fisak et al., 2011). 
Few effective mental health prevention strategies have been established (McCrone et 
al., 2008). Exercise, the structured form of physical activity, has been recognised to be 
associated with improved mental health and QoL (J. R. Andersen et al., 2017; Biddle 
& Asare, 2011; Wafa et al., 2016), and has been recommended as a cost-effective 
approach for adolescents (Hagger et al., 2001; Larun et al., 2006). While the benefits 
of vigorous-intensity physical activity for mental well-being have been evidenced 
(Gerber et al., 2014; Parfitt et al., 2009), most exercise interventions have traditionally 
focused on high-volume, moderate-intensity or resistance-based exercise (Lau et al., 
2004; Rees & Sabia, 2010). However, such exercise interventions do not accurately 
resemble the habitual play patterns of adolescents (Brodersen et al., 2007) and are 
often time-consuming, a frequently cited barrier to exercise (Donahue et al., 2006; 
Lovell et al., 2010; Reichert et al., 2007; Welch et al., 2009). High-intensity interval 
training (HIIT) may, therefore, represent a time-efficient and cost-effective tool in 
eliciting improvements to mental health and QoL, in addition to the well documented 
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physiological benefits (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015; Eddolls 
et al., 2017; Chapter 3; Logan et al., 2014).  
Whilst the effects of HIIT are promising, little research is currently available regarding 
its influence on mental health and QoL, with the limited evidence available largely 
contradictory. Whilst Costigan et al. (2016) reported that HIIT did not elicit significant 
improvements in mental well-being or QoL, Shepherd et al. (2015) found that HIIT 
significantly enhanced psychological well-being, with benefits similar to those 
achieved in the moderate-intensity comparison group. These discrepancies may be 
related to the relatively short intervention duration (8 weeks) utilised by Costigan et 
al. (2016), which may have been insufficient for beneficial effects to be manifest. 
Specifically, although H. E. Brown et al. (2013) suggested that the largest effects to 
depression were manifest in interventions lasting less than 3 months, a meta-analysis 
suggested that greater benefits were manifest in those who trained for 16 weeks or 
longer compared to those who trained for 9 weeks or less (Petruzzello et al., 1991). 
Given these contradictory findings, elucidation of possible minimum and maximal 
intervention duration thresholds in relation to the effects of HIIT on mental health are 
required. Furthermore, although previous research has explored the effect of short-
term HIIT (Boddy et al., 2010), there is a stark paucity of research examining the 
longer-term effects of HIIT on both physical and mental health. 
Therefore, the purpose of the present study was to assess the short-term and longer-
term effects of a school-based HIIT intervention on body mass index (BMI), 
cardiorespiratory fitness, physical activity levels, depression, anxiety and QoL in 
adolescents. 
Methods 
Participants 
Eighty-one adolescents (45 boys; 12.8 ± 1.1 years; 1.58 ± 0.01 m; 51.8 ± 14.1 kg) from 
two comprehensive schools involved within the eXercise for Asthma with Commando 
Joe’s® (X4ACJ) project were included within this study. As part of two Doctoral and 
one Masters by Research programmes, the X4ACJ project (616 adolescents; 334 boys) 
was a wider trial that investigated the effects of physical activity and exercise on 
physical health, mental well-being and QoL in both the general adolescent population 
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and adolescent populations with asthma. In the context of this thesis, however, 
participants were not stratified according to condition, with the percentage of 
participants with asthma (15%) similar to the Welsh national average. 
Recruited via email, telephone and face–to-face meetings, five schools matched for 
free school meal status were selected via random stratification from fifteen schools. 
Subsequently, using cluster randomisation, one school was allocated as the 
intervention school, with the remaining four allocated as the control schools. Within 
the intervention school, following recruitment assemblies and the return of 
parental/guardian consent and participant assent, two-hundred and twenty-three 
participants (116 boys) were recruited. However, despite power calculations 
suggesting that 47 intervention participants were required (Rosner, 2011), only 27 
participants (23%; 15 boys) attended an adequate number of sessions (>70%) to 
warrant inclusion within this study. To increase statistical power, for the control group 
following recruitment assemblies, two participants were matched to each intervention 
participant based on sex, maturation and baseline scores. A flow-chart outlining the 
school recruitment process, group allocation and intervention completion rate is 
included within Figure 5.1. Consistent with Chapter 1, a school was chosen as the 
setting for the intervention due to the ability to reach a large number of young people 
from diverse socio-economic backgrounds (Fox et al., 2004). Furthermore, 
interventions that can be implemented within a “real world” setting are recommended 
(De Bourdeaudhuij et al., 2011) as they are less costly (Warren et al., 2003), have a 
greater chance of being maintained and, although not in this study, can be integrated 
within the curriculum. Approval to conduct this research was granted by the 
institutional ethical advisory committee (ethics number: PG/2014/29) and performed 
in accordance with the Declaration of Helsinki. 
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Figure 5.1 Flow chart outlining the school recruitment process, group allocation including the number and percentage of pupils who consented 
within the school and intervention completion rate and matched controls as number and percentage of pupils who consented.  
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Intervention protocol 
Design 
The exercise programme was designed following formative research which explored 
adolescents’ perceptions of the proposed design, content and delivery of a school-
based HIIT intervention, the X4A trial: eXercise for Asthma with Commando Joe’s 
(Winn et al., 2017; Appendix P; p. 224-232) in addition to using HIIT guidelines 
presented within a systematic review (Eddolls et al., 2017).  As such, the intervention 
group followed a 6-month HIIT programme, involving 3 x 30-minute sessions per 
week consisted of multiple bouts of intense exercise lasting between 10-30 seconds, 
followed by an equal period of rest. In line with Winn et al. (2017) and following the 
protocol guidelines, with significant input from the research team, Commando Joe’s 
designed the content of the individual sessions and facilitated their delivery within the 
school. Exercise sessions, the progression of exercise and rest intervals are displayed 
in Table 5.1. 
Table 5.1 Examples of exercise/rest intervals and activities undertaken during those 
sessions 
 Exercise/Rest Time (s) 
Week 1-3 
10/10 
10/10 
10/10 
Week 4-6 
15/15 
15/15 
15/15 
Week 7+ 
30/30 
30/30 
30/30 
 
Session structure and content 
To provide as many opportunities for participants to attend as possible, exercise 
sessions were held both prior to and after school 3 days a week. A Commando Joe’s 
instructor, a fully qualified personal trainer led the sessions. The instructor also had 
considerable input into the content of the individual sessions, which consisted of 
sprinting and bodyweight resistance exercises. Detailed examples of exercise sessions 
completed are displayed in Table 5.2.  
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Table 5.2 Detailed examples of exercises 
Activity Example exercises 
Static exercises Participants stood in front of a designated cone where they 
conducted exercises such as: 
• Jumping jacks 
• Squats 
• Press-ups 
• Burpees 
 
Obstacle course An improvised obstacle course, created using various resources 
such as camouflage nets, ladders, tyres and hurdles. The courses 
incorporated sections that included: 
• Crawling 
• Rolling 
• Agility 
• Jumping 
 
Speed, agility 
and quickness 
Activities included fast paced agility exercises such as: 
• Slalom sprints 
• Shuttles 
• Fast feet ladder drills 
• Zig-zag sprints 
• Hurdles 
 
Linear sprints Participants moved between cones. Movement between cones 
was varied i.e. forward, backwards and sideways. Variations to 
the sprints included: 
• Bear crawls 
• Gorilla walks 
• Crab walks 
 
Throughout each exercise bout, participants were asked to exercise maximally with a 
view to their HR exceeding 90% age-predicted maximum HR during each exercise 
bout, according to the formula developed in Tanaka, Monahan and Seals (2001). 
Although incremental ramps tests are perhaps the leading and most common method 
to establish a person’s maximum HR (Lanzi et al., 2015; Machado & Denadai, 2011), 
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given the number of consenting participants this method of calculating participants’ 
maximum HR was deemed unfeasible. Consequently, although the formula by Tanaka 
et al. (2001) can often over- or under-estimate maximum HR, possibly jeopardising 
the benefits of HIIT given that an individual may not be exercising at 90% of their true 
maximum HR, it has been previously validated for use in adolescents (Machado & 
Denadai, 2011; Mahon, Marjerrison, Lee, Woodruff, & Hanna, 2010) and was 
considered the most pragmatic method available. If it became apparent that an activity 
did not induce the required HR across a number of participants, that activity was not 
repeated. 
To gauge the intensity of specific activities within the exercise session, prior to the 
start of the session, participants were fitted with Activio Sport (Activio AB, 
Stockholm, SWE) HR monitors. Participants’ HRs were continuously monitored 
throughout the session with participants encouraged to increase their exercise intensity 
if they did not achieve the 90% maximum HR threshold during each exercise bout. 
Heart rate data for the participants included within this study was analysed using 
Activio Sport System (Activio AB, Stockholm, SWE). Following the exclusion of the 
warm-up and cool-down, average HR was calculated as the HR across the whole 
session. The mean maximum HR was determined using the averaged maximum HRs 
achieved from each participant from each session. Participants HR’s were expressed 
and recorded as a percentage of the participant’s predicted maximal HR. 
Measures 
As part of a wider randomised control trial, all participants conducted a battery of 
assessments with a smaller sub-sample completing additional measures such as blood 
lipid analysis, blood pressure, pulse wave velocity and incremental ramps tests 
measuring peak oxygen uptake. However, since these measures were collected as part 
of a coinciding but separate PhD project, these measures were not included within this 
study or within a separate sub-study. Measurements were taken at four-time points 
(baseline, mid-intervention, post-intervention and follow-up), approximately 3 months 
apart, across one academic year (September-July). An outline of when testing at the 
respective schools took place and how the intervention coincided with testing is 
provided in Table 5.3.
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Table 5.3 Overview of trial timeline 
 Term 1 Term 2 Term 3 
Time scale September October-December January March April April June July 
Testing Intervention 
school 
baseline testing 
(3 weeks) 
 
Control school 
testing (4 weeks) 
Intervention school 
mid-intervention 
testing (3 weeks) 
Christmas 
holidays 
Control school 
mid-intervention 
testing (4 weeks) 
Control school 
post-intervention 
testing (4 weeks) 
Easter 
holidays 
Intervention 
school 
post-intervention 
testing (3 weeks) 
Control school 
follow-up testing 
(4 weeks) 
Intervention 
school 
follow-up testing 
(3 weeks) 
Intervention Pre-intervention HIIT Intervention Post-intervention 
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Anthropometrics and maturation 
Participant stature was measured using a potable stadiometer (Seca 213, Seca Ltd, 
Birmingham, UK), with body mass measured using calibrated body mass scales (Seca 
899, Seca Ltd, Birmingham, UK) to the nearest 1.0 cm and 0.1 kg, respectively. In 
compliance with the International Standards for Anthropometric Assessment (ISAK) 
guidelines (Stewart, Marfell-Jones, Olds, & de Ridder, 2011), during these 
assessments participants were barefoot and wore light clothing. From these measures, 
BMI was calculated. Maturational status was assessed using self-reporting indices of 
pubic hair, as described by Tanner (1962; Table 5.4). 
Table 5.4 Anthropometric and maturational data at baseline 
 Intervention 
(n = 27) 
Control 
(n = 54) 
Height (m) 1.56 ± 0.10 1.58 ± 0.10 
Body mass (kg) 50.4 ± 13.3 52.4 ± 14.1 
Tanner stage 3.3 ± 1.1 3.2 ± 1.1 
 
Cardiorespiratory fitness  
Cardiorespiratory fitness was estimated using the multi-stage fitness test (MSFT), a 
previously validated field measure in youth (Boreham et al., 1990; Mayorga-Vega et 
al., 2015). The MSFT was conducted over a 20-metre space, in a hard-floor indoor 
sports hall, with the total number of shuttles completed used as a score marker. 
Physical activity levels 
The GT3X+ (ActiGraph, Pensacola, FL, USA), a valid and reliable objective measure 
of physical activity (Trost, 2007), was used to measure and record the quantity, 
intensity and frequency of body movement. Participants were asked to wear the 
GT3X+ accelerometer, set at 100 Hz, on their right mid-axilla line at the level of the 
iliac crest for seven full days, only removing it if they undertook contact or water-
based activities. Wear-time diaries were used to log the reason why the accelerometers 
were taken off, when, and for how long. Data was analysed using KineSoft (version 
3.3.67; KineSoft, Saskatchewan, Canada) employing 1 second epochs, with sustained 
periods of at least 20 minutes of zero counts considered non-wear-time (Catellier et 
al., 2005). In order to capture an accurate representation of daily, weekday and 
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weekend day physical activity, a minimum daily wear-time of 10 hours for 3 days, 
including 1 weekend day, was set (Rich et al., 2013). Of the 81 participants who 
received an accelerometer over 4 time points, the wear-time criteria was met 106 times 
(25%). Evenson, Catellier, Gill, Ondrak and McMurray (2008) cut-points, shown to 
be valid and reliable determinants of activity intensity in adolescents (Trost et al., 
2011), were used to calculate the intensity of physical activity. 
Questionnaires 
Questionnaire internal consistency and scale reliability were measured using 
Cronbach’s Alpha (Cronbach, 1951) and assessed for quality using previously 
specified criteria (Field, 2013). 
Anxiety 
The 7-item Generalised Anxiety Disorder 7 (GAD-7) assessment (Spitzer et al., 2006; 
Appendix Q; p. 233), was utilised to measure symptoms of anxiety. Although other 
questionnaires are potentially more valid and have been used more commonly these 
alternative questionnaires, such as the State Trait Anxiety Inventory – Children (STAI-
C; Spielberger & Edwards, 1973), the Beck Anxiety Inventory (BAI; Beck et al., 
1988), were not considered time or cost efficient for the present study. In contrast, the 
GAD-7, which has previously been used (Wong et al., 2014) and validated in the 
general population (Löwe et al., 2008) and in adolescents (Mossman et al., 2017) 
represented a time-efficient and practical measure of anxiety. Participants responded 
to questions related to general anxiety (e.g., Over the past 2 weeks have you been… 
feeling afraid as if something awful might happen?) using a 4-point scale (0 = Not at 
all; 3 = Nearly every day). The overall summed scores of the seven items ranged from 
0-21, with higher scores indicating a greater severity of general anxiety. Internal 
consistency for this measure was deemed to be good (α = 0.88-0.89). 
Depression 
The Center for Epidemiologic Studies Depression Scale for Children (CES-DC; 
Weissman et al., 1980) was used to assess levels of depression. Whilst the Hamilton 
Rating Scale for Depression (HAM-D; Hamilton, 1960) and the Beck Depression 
Inventory (BDI; Beck et al., 1961), are perhaps more valid measures of depressive 
symptoms these scales were not practical. Given that HAM-D requires a trained 
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clinician to administer the test on an individual basis and the BDI is copyrighted and 
requires a fee for each copy used these scales were deemed unfeasible. In comparison, 
the CES-DC is self-reporting and free to use, and has been validated for use within the 
adolescent population (Binagwaho et al., 2012; Fendrich et al., 1990; Stockings et al., 
2015). The CES-DC is a 20-item scale in which participants respond to statements 
relating to indicators of depression (e.g., During the past week… I have felt down and 
unhappy). Overall scores range from 0-60 based on a 4-point scale (0 = Not at all, 3 = 
A lot), with higher scores representing a greater level of depression. Cronbach’s Alpha 
coefficient scores for CES-DC (α = 0.88-0.94) were good. 
Quality of life 
The Pediatric Quality of Life Inventory (PedsQL) Teenager Report (Version 4.0) was 
used to measure QoL, and is a widely validated measure in adolescents (Varni et al., 
2006, 2003, 2001). Although the 57-item KIDSCREEN (Ravens-Sieberer et al., 2005) 
has been shown to provide similar validity and reliability (Janssens et al., 2008), given 
time-constraints and the fewer number of items and smaller estimated completion time, 
the PedsQL was deemed the most pragmatic choice. Indeed, the PedsQL is a 23-item 
scale in which participants were asked to respond, using a 5-point scale (0 = Never, 4 
= Almost always), to statements relating to 4 sub-scales: physical (n = 8), emotional 
(n = 5), social (n = 5) and school functioning (n = 5; e.g., I have trouble sleeping). 
Scores can range between 0-100, with higher scores indicating a better QoL. Scale 
reliability for this measure (α = 0.88-0.92) was deemed acceptable. 
Statistical analysis 
Using SPSS version 22 (IBM Corp, USA), data were analysed using a mixed measures 
analysis of variance (ANOVA) with groups as the between- and time as the within-
subject effects. Partial eta-squared (ηp2) effect size was calculated from baseline to 
follow-up and classified in line with J. Cohen (1988, 1992) guidelines for effect sizes 
(small = 0.2, medium = 0.5, large = 0.8). All data is presented as mean ± standard 
deviations, with significance accepted at p < 0.05. 
Results 
Presented as percentages, data regarding the number of participants for which data was 
obtained at each time point are presented in Table 5.5. For all parameters, except 
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physical activity, the main reason for missing data was participants being absent from 
school or unavailable when data collection was taking place. Specifically, for physical 
activity, there was poor wear-time compliance and therefore the physical activity data 
of all participants not meeting the wear-time criteria were excluded. 
There were no significant differences in sex, maturation, anthropometric measures, 
cardiorespiratory fitness, physical activity, symptoms of anxiety or depression or QoL 
between groups at baseline (Table 5.6). For the intervention group, mean scores over 
time suggest that BMI, cardiorespiratory fitness, anxiety, depression and QoL 
improved post-intervention, before subsequently demonstrating increased symptoms 
of depression and anxiety and a decline in QoL at follow-up. Conversely, mean 
moderate-to-vigorous physical activity levels decreased over time. However, for all 
parameters, these changes failed to reach statistical significance. There were no 
significant differences in depression, anxiety or QoL between sexes or according to 
maturity (p > 0.05). 
Body mass index 
The classification of body composition based on terminology by Barlow and the 
Expert Committee (2007) suggested that, within the intervention group, 78% were  
normal weight (5-85th percentile), 15% overweight (85-95th percentile) and 7% also 
classified as obese (>95th percentile). Within the control group, 68% were classed as 
normal weight, 23% as overweight with a further 9% classed as obese. Although no 
significant interaction was detected between the intervention and control groups and 
time for BMI (F (2.08, 162.16) = 1.80, p = 0.17, ηp2 = 0.02), a main effect for time (F 
(2.08, 162.16) = 15.17, p = p < 0.001, ηp2 = 0.16) was detected. Specifically, a 
significant difference was noted between baseline and follow-up (-0.42, 95% CI, -0.70 
to -0.14, p < 0.05). However, the main effect for group showed no statistically 
significant difference (F (1, 78) = 0.08), p = 0.80, ηp2 < 0.01). 
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Table 5.5 The number of participants for which data was obtained at each time point 
 Intervention Control 
Baseline 
Mid-
intervention 
Post-
intervention 
Follow-up Baseline 
Mid-
intervention 
Post-
intervention 
Follow-up 
BMI 27 (100%) 27 (100%) 27 (100%) 27 (100%) 54 (100%) 54 (100%) 53 (98.1%) 54 (100%) 
Cardiorespiratory fitness 27 (100%) 27 (100%) 27 (100%) 26 (96.3%) 54 (100%) 46 (85.2%) 43 (79.6%) 37 (68.5%) 
MVPA 17 (63.0%) 15 (55.6%) 11 (40.7%) 11 (40.7%) 25 (46.3%) 14 (25.9%) 10 (18.5%) 10 (18.5%) 
GAD-7 27 (100%) 27 (100%) 27 (100%) 27 (100%) 54 (100%) 54 (100%) 53 (98.1%) 54 (100%) 
CES-DC 27 (100%) 27 (100%) 27 (100%) 27 (100%) 54 (100%) 54 (100%) 53 (98.1%) 54 (100%) 
PedsQL 27 (100%) 27 (100%) 27 (100%) 27 (100%) 54 (100%) 54 (100%) 53 (98.1%) 54 (100%) 
BMI body mass index, MVPA moderate-to-vigorous physical activity, GAD-7 Generalised Anxiety Disorder Assessment 7-item, CES-DC 
Center for Epidemiologic Studies Depression Scale for Children, PedsQL Pediatric Quality of Life Inventory
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Cardiorespiratory fitness 
According to the thresholds proposed by Boddy, Thomas, et al. (2012), 8 participants 
from the intervention group and 9 participants from the control were potentially at risk 
of cardiometabolic disease at baseline. There was no significant interaction between 
group and time for cardiorespiratory fitness (F (3, 147) = 2.60, p > 0.05, ηp2 = 0.05), 
with no main effect for time (F (3, 147) = 1.61, p = 0.19, ηp2 = 0.03). Additionally, 
there was no significant difference between groups at baseline (F (1, 49) = 0.02), p = 
0.89, ηp2 < 0.01). 
Moderate-to-vigorous physical activity 
At baseline, within the intervention group only 6 of the 17 (35.3%) that met the wear-
time criteria also achieved the government guidelines of 60 minutes of moderate-to-
vigorous physical activity (Department of Health, 2011). In the control group, 8 of the 
25 (32%) that met the wear-time criteria accumulated greater than 60 minutes 
moderate-to-vigorous physical activity. No significant interaction between group and 
time for moderate-to-vigorous physical activity was detected (F (3, 12) = 1.34, p > 
0.05, ηp2 = 0.25). Additionally, there was no main effect of time (F (3, 12) = 2.50, p = 
0.11, ηp2 = 0.38) or group (F (1, 4) = 0.17, p = 0.71, ηp2 = 0.04). 
Anxiety 
There was no significant interaction between group and time for anxiety (F (2.43, 
189.78) = 1.12, p > 0.05, ηp2 < 0.01). Additionally, there was no main effect of time 
(F (2.43, 189.78) = 0.43, p = 0.73, ηp2 < 0.01) or group (F (1, 78) = 1.79, p = 0.17, ηp2 
= 0.02). 
Depression 
For depression, there was no significant interaction between group and time (F (3, 234) 
= 0.29, p = 0.83, ηp2 < 0.01), also there was no main effects for time (F (3, 234) = 0.36, 
p = 0.78, ηp2 < 0.01) or group (F (1, 78) = 3.20, p = 0.08, ηp2 = 0.04). 
Quality of life 
There was no significant interaction between group and time for QoL (F (3, 231) = 
1.17, p > 0.05, ηp2 = 0.02). However, there was a main effect for time (F (3, 231) = 
2.73, p < 0.05, ηp2 = 0.03) and group (F (1, 77) = 4.12), p < 0.05, ηp2 < 0.05). Despite 
this, for time the reported significant differences were not in relation to group.  
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Table 5.6 Intervention and control group BMI, cardiorespiratory fitness, MVPA, anxiety, depression and quality of life mean scores and standard 
deviation over time 
 Intervention Control 
 
Baseline 
Mid-
intervention 
Post-
intervention 
Follow-up Baseline 
Mid-
intervention 
Post-
intervention 
Follow-up 
BMI 20.3 ± 3.4 20.1 ± 3.5 20.5 ± 3.6 20.8 ± 3.5 20.6 ± 3.6 20.7 ± 3.9 20.7 ± 3.9 21 ± 3.9 
MSFT shuttles 48.4 ± 24.6 58.8 ± 22.7 56.7 ± 20.6 53.8 ± 24.6 52.3 ± 25.8 51.3 ± 21.8 46.5 ± 23.5 54.3 ± 28.9 
MVPA (mins) 56 ± 14 46 ± 10 47 ± 11 46 ± 21 56 ± 25 40 ± 18 32 ± 16 46 ± 25 
GAD-7 4.2 ± 4.9 3.6 ± 3.4 3.9 ± 3.6 4.4 ± 4.3 5.2 ± 4.9 4.9 ± 4.6 5.4 ± 4.8 5.2 ± 5.2 
CES-DC 15.0 ± 9.6 14.7 ± 9.2 14.2 ± 8.7 14.7 ± 8.3 19.5 ± 11.1 19.5 ± 14.8 19.5 ± 13.4 18.3 ± 12.1 
PedsQL 82.7 ± 12.1 81.6 ± 11.6 84.7 ± 10.7 84.4 ± 9.8 76.8 ± 14.0 74.6 ± 16.6 75.5 ± 17.0 80.5 ± 16.5 
BMI body mass index, MVPA moderate-to-vigorous physical activity, GAD-7 Generalised Anxiety Disorder Assessment 7-item, CES-DC 
Center for Epidemiologic Studies Depression Scale for Children, PedsQL Pediatric Quality of Life Inventory
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Additionally, although significant differences were noted for group, they were 
between the same intervention protocol. 
Heart rate data 
Excluding the warm-up and cool-down periods, participants’ mean HR (155 ± 18 
beats per minute (bpm), 78 ± 9 % maximum HR) and mean maximum HR (188 ± 18 
bpm, 95 ± 6 % maximum HR) were calculated for each session. During the main 
body of the session, inclusive of both the exercise and rest intervals due to the 
inability to definitively identify individual exercise bouts, participants’ HR exceeded 
the threshold of >90% maximum HR 24 ± 24% of the time. 
Discussion 
The present study investigated the effect of a 6-month school-based HIIT intervention 
on BMI, cardiorespiratory fitness, physical activity levels, depression, anxiety and 
QoL in adolescents. The main findings were that HIIT did not significantly improve 
BMI, cardiorespiratory fitness, physical activity levels, depression, anxiety or QoL. 
The lack of adaptation suggests that HIIT exercise was not associated with a positive 
effect on physical or mental health in adolescents.  
Associated to HIIT (Costigan et al., 2017), VPA has previously been shown to improve 
mental health and QoL (Eddolls et al., 2018), however, contrary to this, the present 
study indicated that HIIT did not improve anxiety, depression or QoL in adolescents. 
Whilst the lack of significant findings are likely a result of the small sample size and 
the subsequent implications on statistical power, additional factors may also have 
attributed to such findings. Specifically, it could be postulated that such results are 
attributable to the homogeneity of the population within this study. At baseline, the 
intervention group’s mean scores for the depression and anxiety measurements were 
relatively low in relation to their respective scales. Equally, for the QoL measurement, 
the cohort’s mean baseline score was also relatively high. Consequently, there may 
have been a ceiling effect, whereby significant results may not have been attainable 
due to the already healthy state of mental health and QoL. Indeed, recent research that 
explored the effects of CrossFit™ on mental health in adolescents found that, although 
no significant improvements were manifest as a result of the high-intensity exercise in 
the full study sample, participants categorised as ‘at risk’ of psychological distress 
demonstrated significant improvements (Eather, Morgan, & Lubans, 2016). 
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Specifically, despite not directly aligning with the measures within the present study, 
those ‘at risk’ reported improvements in self-esteem, perceived body fat, perceived 
appearance and physical self-concept. It is therefore suggested that future research 
explore the effects of HIIT in those considered to be at risk of developing mental health 
issues. 
Similar to the recent findings of Costigan et al. (2016), who also found that HIIT does 
not improve mental health, these findings may also be attributable to factors relating 
to the exercise protocol. Specifically, whilst this study followed the protocol guidelines 
developed in a recent systematic review (Eddolls et al., 2017), these guidelines were 
based on the intervention design associated with the greatest physiological benefit; 
exercise protocols for psychosocial variables may therefore differ. Given that previous 
research has demonstrated vigorous physical activity (VPA) and HIIT can 
significantly improve mental health (Eddolls et al., 2018; Gerber et al., 2014; Parfitt et 
al., 2009; Shepherd et al., 2015), in line with past recommendations (Costigan et al., 
2016), future research should establish a HIIT intervention protocol based on 
psychological outcomes. Indeed, it has been suggested that social interactions inherent 
to exercise may induce psychological improvements (Biddle & Asare, 2011; Helseth 
& Misvær, 2010). Therefore, although running-based exercises may benefit 
physiological measures (Eddolls et al., 2017), the individual nature of this type of 
exercise may not be conducive to peer interaction. Conversely, team-based games, 
such as those in K. L. Weston et al. (2016), may be more appropriate for improvements 
to mental health and QoL. 
In conjunction with factors relating to the exercise protocol, the lack of significant 
improvements in anxiety, depression and QoL across all time-points, may be related 
to the intervention components. Whilst previous research has demonstrated that HIIT, 
as a singular intervention component, elicits improvements in the mental health of 
adults (Shepherd et al., 2015), such an approach may not be applicable for adolescents. 
Indeed, the apparent age-related discrepancies between the findings may, in part, be 
due to differing levels of experience in coping with symptoms of poor mental health 
and QoL, with adults better prepared to manage such feelings (Aldwin, 1991). As such, 
developing an intervention in which HIIT is supplemented by multiple components, 
such as psychological or educational elements (S. Reynolds, Wilson, Austin, & 
Hooper, 2012; Weisz, McCarty, & Valeri, 2006), that can also engender improvements 
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in the mental well-being and QoL of adolescents should be considered. Indeed, 
psychological or educational interventions combined with exercise have been shown 
to significantly improve both depression and anxiety (Coventry et al., 2013; Parker et 
al., 2016). It has been proposed that exercise may afford a person meaningful mastery 
experience, allowing the opportunity to practice techniques learned via psychological 
therapy to boost their perceived ability to cope with depression (Craft, 2005). 
Consequently, HIIT may provide a time-effective platform, when compared to high-
volume moderate-intensity exercise, from which to develop coping abilities. 
Whilst several methodological and statistical explanations for the lack of significant 
findings have been hypothesised, such findings may simply be attributable to the lack 
of increase or maintenance in total physical activity. Although speculative, given that 
the poor wear-time compliance of the accelerometers and subsequent questionable 
reliability, it could be postulated that whilst the present study sought to enhance VPA, 
the HIIT intervention did not increase adolescents’ total physical activity. Indeed, in 
accord with previous literature, total physical activity has been associated with a 
greater QoL (Wafa et al., 2016) and fewer symptoms of depression and anxiety (J. R. 
Andersen et al., 2017; Kremer et al., 2014; McMahon et al., 2017). It is therefore 
possible that the current findings may reflect a “compensation effect” (Ridgers et al., 
2014), whereby intervention participants compensate for an elevated level of physical 
activity on one day with a reduction in physical activity levels the following day. 
Consequently, increases accrued during the HIIT session were potentially negated by 
reduced physical activity outside of the exercise sessions. Accordingly, to detect and 
account for possible alterations in habitual physical activity that may confound any 
beneficial effects to mental well-being or QoL, future research should ensure that 
physical activity is tracked throughout any prospective interventions. 
It could be speculated that the lack of intervention effect was attributable to the HIIT 
intervention, which did not elicit improvements to BMI or cardiorespiratory fitness, 
both of which have been shown to significantly impact depression, anxiety and QoL. 
Indeed, increased cardiorespiratory fitness has been associated with higher levels of 
QoL (J. R. Andersen et al., 2017) and has also been shown to protect against the 
development of mental health issues (Ruggero et al., 2015). Moreover, improved body 
composition can elicit improvements to self-image and self-esteem (C. E. Ross, 1994), 
which have both been associated with mental health (Lubans et al., 2016; Markowitz 
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et al., 2008). Potential explanations for the lack of significant improvements may, 
however, be a result of the measures used. For example, given the inherent problems 
associated with the MSFT, such as motivating adolescents to perform at maximally 
(Hamlin et al., 2014), it is unclear if the results collected were a true reflection of their 
cardiorespiratory fitness. Regarding the lack of improvements to BMI, it should be 
noted that, at baseline, the majority of intervention participants were already 
considered to be of normal weight. Consequently, reducing BMI may not have been 
possible given the possibility of a ceiling effect. Furthermore, given that many of the 
sessions were based around body weight resistance exercises, an increase in muscle 
mass and subsequent healthy increase in body mass and BMI cannot be dismissed. 
Regardless, without significantly improving such physiological outcomes, it is 
unlikely that an exercise intervention will improve mental health or QoL.  
Further to the psychological and physical outcomes of the study, considering that the 
HIIT intervention was largely implemented as planned, it is somewhat surprising that 
there were no significant intervention effects for anxiety, depression or QoL. 
Subsequently, it is possible that the lack of significance, at least in part, may be due to 
the relatively small sample size and thus decreased statistical power. Moreover, it is 
important to acknowledge that 223 participants initially agreed to take part. Therefore, 
despite formative research (Winn et al., 2017), this suggests that HIIT or indeed the 
way this specific HIIT intervention was delivered was not appealing to the target 
population. It is therefore important to consider capturing the views of participants on 
the barriers and facilitators to initial and continued participation, consequently 
providing a useful insight into the efficacy of HIIT. 
Although this study has various strengths, there are several limitations. Despite the HR 
results being comparable to those recently reported (Costigan et al., 2016), it is 
important to acknowledge that, exclusive of the warm-up and cool-down, this was 
measured as an average across the whole session. Consequently, the ability to identify 
the maximum HR achieved during each exercise bout was impeded, though, due to 
synchronisation issues during the intervention phase, distinguishing between the 
exercise and rest bouts was not possible. As such, in conjunction with the large 
standard deviation, it is possible that the participants within this study may not have 
adhered to the required intensity, which may, at least in part, explain the lack of 
intervention effect. Beyond the HR results, other measurement tools utilised within 
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this thesis are also possibly limited. Specifically, gold standard rating scales (Cusin et 
al., 2010), such as the HAM-D (Hamilton, 1960) and the BDI (Beck et al., 1961), were 
not used due to licensing costs and the requirement for a qualified clinician to 
administer them. However, it should be acknowledged that all mental health 
measurement tools were validated in the target population (Binagwaho et al., 2012; 
Fendrich et al., 1990; Löwe et al., 2008; Stockings et al., 2015; Varni et al., 2006, 
2003, 2001; Wong et al., 2014). Nonetheless, the self-reported nature of the 
questionnaires have inherent disadvantages, such as social desirability, which can 
potentially lead to a participants undervaluing measurement variables (Paulhus & 
Vazire, 2005). Despite this, all questionnaires provided acceptable internal 
consistency, and were therefore deemed reliable. Additional methodological issues, 
such as of the heterogeneity of the study population may have also compounded the 
results. Given that the intervention group demonstrated low symptoms of depression 
and high QoL in comparison to the control group, it could be postulated that 
intervention effects may have been masked. Consequently, controlling for the baseline 
values may have ameliorated such issues. However, this type of analysis was deemed 
unsuitable given that this study utilised repeated measures and would assume that all 
error terms were independent, which was not the case. 
Conclusion  
In conclusion, despite the well-documented physiological and psychological benefits 
elicited by HIIT in previous studies, the present findings do not support HIIT as a tool 
to enhance adolescent BMI, cardiorespiratory fitness, physical activity, depression, 
anxiety or QoL. Whilst there are several limitations that may have confounded these 
results, poor intervention adherence and subsequent small sample size may have 
limited the statistical power. As such, to gain an appreciation of participants views, 
Chapter 6 will explore adolescents’ perceptions of the X4ACJ HIIT intervention and 
elicit their understanding of the barriers and facilitators to initial and continued 
participation.
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Thesis study map 
Study Outcomes 
The association 
between physical 
activity, fitness and 
body size and their 
effect on mental 
well-being and 
quality of life in 
children and 
adolescents 
Aim To investigate the relationships between 
VPA, BMI and cardiorespiratory fitness on 
symptoms of depression, and their 
subsequent direct and indirect effects on QoL 
in children and adolescents 
Key Findings Vigorous physical activity, cardiorespiratory 
fitness and BMI are associated, both directly 
and indirectly, with mental well-being and 
QoL in children and adolescents. 
The effect of high-
intensity interval 
training on mental 
well-being and 
quality of life in 
adolescents: the 
eXercise for Asthma 
with Commando 
Joe’s® (X4ACJ) trial 
Aim To assess the short-term and longer-term 
effects of a school-based HIIT intervention 
on body mass index, cardiorespiratory 
fitness, physical activity levels, depression, 
anxiety and QoL in adolescents. 
Key Findings HIIT does not significantly improve BMI, 
cardiorespiratory fitness, physical activity, 
depression, anxiety or QoL in adolescents. 
Exploring adolescent 
perceptions of a 
high-intensity 
interval training 
intervention: 
evaluating the 
eXercise for Asthma 
with Commando 
Joe’s® (X4ACJ) trial 
Aim To explore adolescents’ perceptions of the 
eXercise for Asthma with Commando Joe’s® 
(X4ACJ) HIIT intervention and to elicit their 
views on the barriers and facilitators to initial 
and continued participation. 
Key Findings  
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Chapter 6 – Exploring adolescent perceptions of a high-intensity interval training 
intervention: evaluating the eXercise for Asthma with Commando Joe’s® 
(X4ACJ) trial (Study 3) 
Introduction 
The prevalence of poor health in adolescents has reached unprecedented levels 
(Collishaw et al., 2010; Lobstein et al., 2015; Ng et al., 2014). Common limitations to 
conventional methods for treating such low health are that they are often expensive 
(McCrone et al., 2008) and time-consuming (Gladstone et al., 2011). Whilst exercise 
has been identified as a cost-effective tool for health promotion, traditional strategies 
have principally utilised moderate-intensity continuous exercise (Hansen et al., 1991; 
McMurray et al., 2002; Meyer et al., 2006). However, questions have been raised 
regarding the relevance to the sporadic, high-intensity nature of adolescent’s habitual 
play patterns (Brodersen et al., 2007). 
High-intensity interval training (HIIT) has been identified as a time-efficient form of 
exercise that could improve physical (Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 
2015; Eddolls et al., 2017; Logan et al., 2014) and mental health (Shepherd et al., 
2015). Despite numerous studies conducting HIIT interventions in adolescents, they 
have been conducted with varied success (Costigan et al., 2016; Lambrick et al., 2016; 
Lau et al., 2014; Racil et al., 2016; Tjønna et al., 2009; K. L. Weston et al., 2016). 
Research to date has attributed this to a low final sample size and its associated 
implications on statistical power (Moher, Dulberg, & Wells, 1994), yet few studies 
have sought to ascertain why there was such poor adherence with regard to attending 
the sessions, despite being a fundamental aspect of all interventions (Sluijs, Kok, & 
van der Zee, 1993). 
Given that enjoyment during exercise exhibits a greater affective response (Raedeke, 
2007), it could be postulated that such variance was manifest due to differing 
perceptions of HIIT between studies. Indeed, although there is some evidence that is 
supportive of the health benefits of HIIT, if participants are unlikely to adhere to 
interventions in terms of participation, the efficacy of such exercise should be 
questioned. For example, within Study 2 (p. 86-106) despite 223 participants initially 
agreeing to take part, only 27 participants attended a sufficient number of sessions 
(>70%) to warrant inclusion in this study. This suggests that HIIT, or the way the 
eXercise for Asthma with Commando Joe’s® (X4ACJ) HIIT intervention was 
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delivered, was not appealing. Therefore, the importance of addressing such adherence 
issues to inform future interventions and identify whether HIIT is an efficient form of 
health-promotion in adolescents is clear. 
Qualitative process evaluation has previously been suggested as a method to explain 
unexpected quantitative results, such as those in Study 2 (Abildgaard, Saksvik, & 
Nielsen, 2016). However, whilst the importance of capturing participants’ post-
intervention attitudes is evident (Hoffmann et al., 2014), to date, there remains a dearth 
of evaluative research, possibly due to the time-consuming nature of qualitative data 
collection and analysis. Indeed, whilst two studies have previously explored the 
feasibility of HIIT through post-intervention focus-groups (Buchan et al., 2013) and 
questionnaires (Costigan, Eather, Plotnikoff, Taaffe, Pollock, et al., 2015), these 
process evaluations were limited. Specifically, the questionnaire and focus-group were 
only included as small secondary measures embedded within wider papers primarily 
aiming to access the physiological effectiveness of HIIT. Consequently, to maximise 
the health benefits and participation to exercise, further investigation into participants’ 
perceptions with regard to reasons they enjoy or dislike HIIT is warranted. 
Therefore, the aim of this study was to explore adolescents’ perceptions of the eXercise 
for Asthma with Commando Joe’s® (X4ACJ) HIIT intervention and to elicit their 
views on the barriers and facilitators to initial and continued participation. 
Methods 
This research was underpinned by ontological relativism and epistemological 
constructionism. Accordingly, it is assumed that reality is multiple, created and mind 
dependent, with knowledge being constructed and subjective. A qualitative approach 
was adopted so that participants were not limited in what they could express, enabling 
them, in their own words, to communicate their thoughts and perceptions in a more in-
depth and complex manner. 
Participants 
Eighty adolescents (13.3 ± 1.0 years; 45 boys), from the X4ACJ trial, participated in 
this study. The X4ACJ trial involved a HIIT intervention delivered by a qualified 
personal trainer from Commando Joe’s with previous experience leading group 
exercise sessions. Participants were asked to attend 3 x 30-minute sessions per week 
111 
 
prior to or after school for 6 months, with the aim of promoting physiological health 
and mental well-being. The exercise sessions consisted of multiple bouts of intense 
exercise lasting between 10-30 seconds, followed by an equal period of rest. During 
the exercise phase, the exercises were designed to induce a heart rate (HR) exceeding 
90% participants’ maximum HR. Participants were either classified as an attendee (n 
= 36; 13.2 ± 1.0 years; 23 boys) or a non-attendee (n = 44; 13.5 ± 1.1 years; 22 boys) 
if they were actively engaged with the intervention for a sustained period, or attended 
less than 5%, of the intervention sessions, respectively. Ethical approval was granted 
by the institutional research ethics committee (PG/2014/29). 
Procedure 
Eighteen semi-structured focus-groups were conducted in groups sizes of 3-6 (Gibson, 
2007; Mackintosh, Knowles, Ridgers, & Fairclough, 2011; Morgan, Gibbs, Maxwell, 
& Britten, 2002), except for one interview consisting of only two participants due to 
pragmatic reasons; no difference between emergent themes were detected and 
therefore it was deemed appropriate for inclusion. Although there are some 
disadvantages to using focus-groups with adolescents, such as difficulty in controlling 
and managing the groups, irrelevant discussions distracting from the main focus and 
dominant voices (Leung & Savithiri, 2009; Smithson, 2000), ensuring that the group 
sizes were small, and subsequently easily controllable, obviated such issues. Indeed, 
if small with regard to participants numbers, focus-groups with adolescents have been 
shown to be viable methods by which to explore perspectives (Porcellato, Dughill, & 
Springett, 2002). Furthermore, small focus-groups have been recommended for 
research with young people in order to generate good-quality data (Morgan et al., 
2002). Nonetheless, it is important to note that certain participants in focus-groups may 
be hesitant to express their thoughts, especially when those thoughts oppose the views 
of others. To circumvent this concern, in addition to being grouped according to 
attendance, groups were also stratified by academic year group (years 7-10), so that 
younger participants did not feel intimidated by those in older year groups. 
The interviews, facilitated by the lead researcher who had previous experience in 
conducting focus-groups, were conducted in a quiet space within the school 
environment (Kennedy, Kools, & Krueger, 2001) and lasted 45 ± 7 minutes. To enable 
social interaction and observer involvement, participants were positioned around a 
circular table with WTBE seated amongst the participants (Dilorio, Hockenberry-
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Eaton, Maibach, & Rivero, 1994; Gibson, 2007). The focus-group questions were 
structured around eliciting an understanding of the participants’ impression of the 
X4ACJ HIIT intervention, with questions appropriately aligned in accordance with the 
participants age (Table 6.1). Full interview question scripts for both the attendee and 
non-attendee groups can be found in Appendices R and S (p. 233-238). All focus-
groups were digitally recorded (Samsung Galaxy S7 Edge, Suwon, South Korea). 
Table 6.1 Example interview questions 
Section Examples 
Session Content What was your least favourite session and why? 
What could we have changed about the sessions to make them 
more enjoyable? 
Attendance What made you want to keep coming to sessions? 
How did your impression of the sessions change over time? 
HIIT What did you most enjoy about HIIT? 
What did you least enjoy about HIIT? 
Benefits What do you feel the benefits of attending are? 
Do you think you have had any personal benefits from the 
sessions? 
Instructor What did you think of the Commando Joe’s instructor? 
How do you think he delivered the sessions? 
 
Data analysis 
Data was transcribed verbatim and thematically analysed following V. Clarke and 
Braun's (2015) process. Analysis began with the lead researcher immersing themself 
within and familiarising themself with the transcribed data. Following this, using two 
of the primary methods to identify patterns in thematic analysis (Braun & Clarke, 
2006), the data was both inductively and deductively analysed. Driven by the lead 
researcher’s theoretical interests and epistemological standpoint, data was initially 
coded deductively or from ‘the top down’, categorising the data based on broader pre-
hypothesised concepts (instructor, sessions and benefits). Thereafter, however, the 
broader categorised data was coded inductively from ‘the bottom up’, based on 
smaller, but more specific observations that emerged from the data (motivation, 
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competition, group size and competing interests etc.). Once all the relevant data had 
been coded, similar significant broader patterns were clustered into overarching 
themes. All themes were then reviewed to ensure they were consistent with the 
narrative of the transcribed data, but also aligned with the aims of the study. Following 
further refinement of the themes, succinct but informative theme names were defined 
and then presented using pen profiling. 
Data presentation 
Given the need for alternative methodologies within qualitative research to further 
advance this method within the field of sport and exercise psychology (Biddle, 
Markland, Gilbourne, Chatzisarantis, & Sparkes, 2001), key emergent themes were 
presented as pen profiles. Whilst pen profiling is possibly a less detailed method than 
standard qualitative research techniques (Ridgers, Knowles, & Sayers, 2012), it also 
has its advantages. Indeed, pen profiling is a relatively new method of presenting data 
that has been shown to be appropriate for representing findings in an intelligible 
manner for both quantitative and qualitative researchers (Mackintosh et al., 2011; 
Ridgers et al., 2012). 
Trustworthiness of data 
Whilst there is some evidence to support member checking (Lincoln & Guba, 1985) 
and the universal criteria, such as those set out by Tracy (2010), given that this research 
is underpinned by ontological relativism and epistemological constructionism, such 
measures of trustworthiness were rejected. Indeed, in line with the relativist approach 
of this study and contradiction to the notion of universal criteria, researchers are unable 
to make non-socially constructed judgements (J. K. Smith & Hodkinson, 2009). 
Furthermore, there is no evidence that member checking can enhance the credibility 
or trustworthiness of qualitative research (Thomas, 2017). Therefore, consistent with 
recent qualitative research (D. M. Hill, Carvell, Matthews, Weston, & Thelwell, 2017), 
methodological rigour was ensured via the ‘critical friends’ approach (B. Smith & 
McGannon, 2017), whereby the pen profiles, constructed by the lead researcher, were 
presented to both supervisors who acted as a theoretical sounding board. During this 
process both supervisors challenged the lead researcher’s analytical decisions, 
encouraging reflection upon the interpretation of the data. 
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Results 
In total, four pen profiles were constructed to represent attendees’ (Figure 6.1 & Figure 
6.2) and non-attendees’ (Figure 6.3Figure 6.4) facilitators and barriers. For narrative 
analysis, facilitators and barriers for both attendees and non-attendees were combined. 
Attendees 
Key emergent themes were structured around the Commando Joe’s instructor, the 
exercise sessions and the benefits of the intervention. Data revealed that participants 
understood that increased exercise was associated with several benefits, which 
subsequently facilitated participation in the intervention. Specifically, the attendees 
identified physiological (n = 29) and social benefits (n = 29) of the HIIT intervention 
as leading reasons to attend the sessions:  
“For me it was to get fitter… and just to know loads of my friends were going as well”. 
(B21) 
Furthermore, attendees (n = 12) also suggested that they experienced psychological 
benefits whilst participating in the X4ACJ trial, which, perhaps also related to the 
increased sense of achievement suggested by nearly half (n = 17) of the adolescents: 
“It made me feel better about myself because it felt like I’d achieved something”. (B23) 
Adolescents who attended felt that the exercise sessions also benefited them in school, 
as it helped them “get ready for work” (G7) during lessons. Indeed, participants also 
believed that the X4ACJ intervention improved their vitality (n = 19) and 
concentration spans (n = 6): 
“I would take part again to keep fit… I just feel much better when I’m more fit and 
more energetic”. (B14) 
Aspects of the HIIT sessions themselves emerged as primary facilitators to attendance. 
The gamification features of the sessions were a leading facilitating factor, with 
participants suggesting that games motivated their participation (n = 29). Furthermore, 
the games were often competition-based, which the majority (n = 19) also believed 
encouraged further participation: 
“The games mainly, because like they were fun and competitive”. (B12) 
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Figure 6.1 Attendee facilitators - pen profile of perceptions of a 6-month high-intensity interval training intervention. B = boy, G = girl, +ve = 
positive
116 
 
Additionally, whilst likely linked to games and competition, a large proportion of 
attendees (n = 26) suggested that a reason they attended the exercise sessions was 
because they enjoyed them: 
“I enjoyed it, ‘cause it was exercise put into a fun session”. (B8) 
An additional aspect of the sessions that encouraged adherence in the X4ACJ trial was 
the challenge of the HIIT exercise. A third of attendees (n = 12) expressed that the they 
enjoyed the challenge of some of the exercises, and that they liked to push themselves: 
“It was good to like get pushed, but it was hard as well, so it was good to like reach 
your limit, so you benefit”. (B22) 
Alternatively, however, over half of the attendees (n = 21) thought that the sessions 
were too challenging, indicating that they were being pushed too hard: 
“It was pushing us over our limits, so it was too hard”. (B21)  
Also, whilst 11 participants suggested that the variation of the session, especially when 
compared to conventional physical education (PE) lessons, was a facilitating factor, a 
greater proportion of participants held opposing views, with seventeen participants 
suggesting that the sessions and exercises were overly repetitive and lacked variation: 
“For me it started off good, but then it started going down because it was getting 
repetitive”. (B14) 
Further barriers, such as group sizes were highlighted, with a quarter of participants 
commenting that overcrowding during the session was an inhibiting factor due to the 
lack of space: 
“I preferred it in the afternoon… the groups were a bit smaller, so you enjoyed it a bit 
more”. (B13) 
The type of exercises within the sessions also had a considerable influence on the 
participants’ perceptions of the intervention. Indeed, sprinting- or running-based 
sessions were described as “boring”, with twelve of the attendees perceiving those 
sessions negatively: 
“Constantly running… it was just boring as well, you’re not looking forward to just 
running up and down a sports hall”. (G3) 
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Figure 6.2 Attendee barriers - pen profile of perceptions of a 6-month high-intensity interval training intervention. B = boy, G = girl
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Interestingly, peers emerged as a key influential factor to the X4ACJ exercise sessions. 
Three-quarters of the attendees commented that disruptive or negative behaviour by 
other participants within the exercise sessions discouraged further participation: 
“I didn’t enjoy the messing about because people have actually chosen to do it and if 
you have people messing around its really annoying”. (G3) 
However, peer isolation, the removal from your peer group during the sessions due to 
disruptive behaviour, was also perceived negatively by 12 attendee participants, 
despite being used as a strategy to control poor behaviour. Close peers’ attendance was 
also proposed as a potential barrier to participation, with a small proportion of 
attendees (n = 4) stating that they were unlikely to participate if their friends were not 
attending: 
“The only thing I didn’t like was getting separated from my friends”. (B23) 
The Commando Joe’s instructor emerged as both a facilitating and inhibitory factor. 
Specifically, positive (n = 12) and negative (n = 18) perceptions of the instructor’s 
demeanour were viewed as a facilitator and barrier, respectively. However, whilst most 
participants viewed the instructor’s demeanour negatively, their motivational abilities 
were regarded as a dominant facilitator (n = 12), with the discipline kept within the 
session also acknowledged (n = 11): 
“I liked him for being strict sometimes because otherwise I wouldn’t have done 
anything”. (G7) 
Conversely, some participants perceived the instructor as a barrier, with a minority of 
participants (n = 7) expressing their belief that the instructor favoured the older year 
groups, thereby causing resentment. Moreover, although the instructor’s motivational 
abilities were portrayed positively, 13 attendees identified the instructor’s coaching 
ability, or perceived lack of, as a barrier: 
“He would just focus on like the older kids and how good they would be doing”. (B20) 
The timings of the sessions were highlighted as an additional barrier to long-term 
adherence. Indeed, 18 attendees felt the morning sessions were too early and 
adolescents were too exhausted to attend after school, with 15 identifying competing 
interests, such as paper rounds, school work or music lessons, prevented attendance: 
119 
 
“I just couldn’t handle the school work and the exercise”. (B17) 
Non-attendees 
For the non-attendees, key emergent themes were also primarily structured around the 
Commando Joe’s instructor, the exercise sessions and the benefits of the intervention. 
Whilst the attendee group were able to identify several benefits of attending the HIIT 
sessions, the non-attendee group were only able to recognise the physiological (n = 
29) and social (n = 16) benefits: 
“I liked the exercising part to keep fit and it was nice to like do stuff with my friends 
as well”. (G35) 
However, congruent with attendees, over half (n = 23) of the non-attendees suggested 
that games during the sessions facilitated further participation. Whilst distinctly lower 
than the attendees’ group, competitiveness during the sessions was viewed as an 
encouraging factor by some participants (n = 8). However, despite not attending, a 
large proportion (n = 21) of non-attendees indicated that they enjoyed the sessions: 
“I like the competitive side of stuff so any competition you get right into it”. (B43) 
However, converse to the attendees, fourteen of the non-attendees did not find the 
sessions enjoyable, and whilst six of the non-attendees enjoyed the variation of the 
sessions, nine implied that the sessions were repetitive and that these contributed to 
their non-participation: 
“It got boring and because the same stuff was being done all the time”. (G20) 
Akin to attendees, non-attendees (n = 6) also attributed poor adherence to 
overcrowding in sessions, suggesting that it prevented them from carrying out the 
exercises properly, with the variation and the challenge of the sessions also viewed as 
both a barrier and facilitator. Indeed, although a small proportion (n = 5) relished the 
challenge of the HIIT sessions, a similar amount (n = 7) also indicated that the sessions 
were excessively difficult: 
“I found it quite hard because if we pushed like for the full thing and it took a lot of 
our breath away like if we only had like a 15 second break for example, we’re still 
tired when we go back to doing it”. (B34) 
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Figure 6.3 Non-attendee facilitators - pen profile of perceptions of a 6-month high-intensity interval training intervention. B = boy, G = girl, +ve 
= positive
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Like the attendees, peers were identified as a key influential factor, with a similar 
proportion of participants (n = 6) stating that their close friends’ non-attendance was a 
barrier. However, non-attendees also raised an aversion to exercising with other year 
groups; over a quarter (n = 12) did not want to exercise with either the older or younger 
year groups: 
“It was intimidating [older year groups]”.  (G23) 
Whilst the attendees expressed mixed perceptions of the instructor, non-attendees were 
generally more positive. Although seven participants viewed the instructor negatively: 
"…very intimidating when he’s trying to encourage you to get on with it”. (B44) 
More than double (n = 15) suggested that they enjoyed the instructor’s positive 
demeanour. Despite this, although still a facilitating factor, a lower proportion of 
participants (n = 5) complimented the instructor’s disciplinary approach and 
motivational capabilities (n = 10) when compared to the attendee group: 
“I like him because when everyone else was in pairs I was on my own, so he got up 
and went to be my partner… I felt like I worked harder because I had to beat him”. 
(G27) 
Although non-attendees expressed numerous facilitators, consistent with attendees, 
time of the sessions (n = 18) and competing interests (n = 21) were also raised as key 
barriers: 
“I didn’t have time because before school I have to do a paper round… well I have 
football training and rugby training, so I just can’t fit it in really”. (B40) 
However, an additional factor that was not suggested within the attendee group was a 
lack of motivation. Indeed, 12 of non-attendees indicated that they simply could not 
be bothered: 
“I purely couldn’t be bothered… it’s too early in the morning… and I just couldn’t be 
bothered to go after school”. (G28)
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Figure 6.4 Non-attendee barriers - pen profile of perceptions of a 6-month high-intensity interval training intervention. B = boy, G = girl, -ve = 
negative
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Discussion 
The aim of this study was to explore participant perceptions of the X4ACJ HIIT 
intervention. Data revealed that HIIT may be an enjoyable and engaging form of 
exercise providing certain factors are considered. The findings suggest that a range of 
facilitators and barriers to HIIT relating to session timing, exercise activities, group 
composition, instructor characteristics, exercise difficulty and exercise session 
protocol should be considered to maximise adherence.   
The personal benefits of exercise emerged as the primary facilitator to participation in 
HIIT, particularly the perceived physiological improvements accrued via the 
intervention. Indeed, contrary to previous research, albeit in girls only (S. Whitehead 
& Biddle, 2008), the majority of the participants in the present study identified health 
benefits, such as fitness, rather than weight management, as the main physiological 
benefit: 
“It improved fitness which helped with other sports like football… just like I felt like I 
could run more in football”. (B12) 
Aligning with past literature (Mackintosh et al., 2011; McGuire, Neumark-Sztainer, & 
Story, 2002; Weinberg et al., 2000), this is encouraging as it indicates that adolescents 
can conceptualise the association between exercise, health and fitness. However, for 
the non-attendee group, this awareness of the benefits of exercise did not translate into 
participation (Withall, Jago, & Fox, 2011). This highlights that alternative forms of 
motivation are required to improve participation. For example, in line with the self-
determination theory (Ryan & Deci, 2000), although feedback from the health 
measures may facilitate greater participation for the extrinsically motivated (Proper, 
van der Beek, Hildebrandt, Twisk, & Van, 2003; J. R. Whitehead & Corbin, 1991), for 
the intrinsically motivated, factors concerning competence and enjoyment are rated 
higher as reasons for participation (Ryan, Frederick, Lepes, Rubio, & Sheldon, 1997; 
Weinberg et al., 2000). Contrastingly, it could be postulated that more immediate 
motivations such as material rewards were required to increase participation, and 
although this study did aim to cater for this in a limited capacity, given that the prizes 
were mainly activity-based, these may not have appealed to the more sedentary non-
attendees. Upon reflection, however, encouraging participants to attend an exercise 
intervention purely for material rewards may not be appropriate in that it somewhat 
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defeats the object in terms of developing an appealing exercise intervention that can 
improve health and instil long-term behaviour change. 
In accordance with previous studies that also focused on youths’ perceptions of 
exercise (Allender, Cowburn, & Foster, 2006; Dishman et al., 2005; Fairclough & 
Stratton, 2005), certain aspects of the HIIT sessions themselves also influenced 
attendance, irrespective of attendance rates. Of intrigue, enjoyment, previously 
questioned in HIIT due to insufficient evidence (Logan et al., 2014), was identified as 
a primary facilitator for both groups. However, a lack of enjoyment also emerged as a 
dominating barrier within the non-attendee group. It could be postulated that such 
divergence in opinion from the attendees was related to the time at which they ceased 
to attend. Indeed, as put forward by Varey and Kahneman (1992), final experiences 
can bear a strong influence on a person’s overall judgement. As such, given that the 
session content was progressively enhanced throughout the intervention, for those 
participants that only attended at the initial sessions, their judgement was based on 
possibly the least enjoyable sessions, whereas for the attendees, their judgement was 
based on the most enjoyable. Regardless, consistent with Mackintosh et al. (2011), 
Winn et al. (2017) and Logan et al. (2014) these findings further accentuate the need 
for exercise sessions to be enjoyable. Linked to enjoyment (Mandigo, Holt, Anderson, 
& Sheppard, 2008), games within the sessions were also viewed as a key facilitator. 
Indeed, research that conducted games-based HIIT interventions in adolescents 
reported exceptionally high adherence rates (K. L. Weston et al., 2016). Furthermore, 
taking part in team games has been associated with numerous social benefits (Gray, 
Sproule, & Wang, 2008), also identified as a key facilitator to exercise participation 
(Passer, 1981). 
Whilst the challenging nature of HIIT was identified as a facilitator by some despite 
the exercise intensity being relative to individuals, particularly within the non-
attendees group, some participants felt that the sessions were too challenging, 
representing a significant barrier to participation (Slater & Tiggemann, 2010; S. 
Whitehead & Biddle, 2008). In conjunction with a lack of enjoyment, such findings 
are perhaps also related to the dual-mode theory given that participants were required 
to exercise above their ventilatory threshold (Ekkekakis, 2003). As posited by Parfitt 
and Hughes (2009), cognitive displeasure and strong interoceptive cues as a result of 
high-intensity exercise (Ekkekakis, 2003) can result in a high negative peak in 
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affective valence, which could subsequently deter future participation. However, given 
that a number of participants both enjoyed the sessions and relished the challenge, this 
theory may be limited, though, such contradictory findings may be explained by the 
acute nature of Ekkekakis’ research compared to the long-term nature of the present 
study. Furthermore, the dual-mode theory was based primarily on adults whereas the 
present findings are children’s perceptions. Alternatively, therefore, it could be 
postulated that the non-attendees were potentially less physically fit and able to 
complete the exercise and, therefore, less inclined to exercise and participate in the 
intervention (Boyle, Jones, & Walters, 2008). Regardless, given these findings, it 
could be proposed that future research should carefully consider participant 
capabilities and the associated exercise difficulty within the sessions, facilitating 
personalisation via intra-exercise variability. For example, knee press-ups instead of 
full press-ups could be suggested as an alternative. Furthermore, although from the 
facilitators perspective the exercises were easily adaptable to individuals’ relative 
intensity, perhaps greater attention should be taken to ensure that tailoring the exercise 
to the appropriate intensity is manageable for all participants. Failing to do so may 
limit the fidelity of the intervention as participants may not be able to achieve the 
required HR. Alternatively, it could also be postulated that HIIT is possibly too 
challenging for adolescents and that other modes of exercise should be pursued. This 
being said, although accentuating poor physical competence can negatively influence 
participation (Sallis et al., 2000), adolescents suggested the integration of ability-
specific groups alleviate issues relating to exercise difficulty: 
“It could sort of be you have different sessions depending on what ability group you’re 
in… on a Monday it could be the higher and Tuesday it could be the lower…”. (G11) 
Adolescents’ perceptions of the intervention instructor also determined intervention 
adherence. Research has shown that positive instructor role models can significantly 
increase youth’s physical activity levels and subsequent intention to exercise (Eddolls, 
McNarry, Stratton, & Mackintosh, 2016; Humbert et al., 2008; Olivares, Cossio-
Bolaños, Gomez-Campos, Almonacid-Fierro, & Garcia-Rubio, 2015). Equally, 
however, it has been suggested that poor role models can be detrimental to exercise 
participation (Slater & Tiggemann, 2010). Interestingly, a possible reason for the 
disparity between participants’ perceptions is due to the instructor often having to 
discipline misbehaving participants. This may, therefore, have given the impression of 
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a negative demeanour and favouritism towards certain groups (C. A. Williams & 
Stevens, 2013) and consequently a negative perception. As such, this suggests that 
health practitioners should be aware of the prominent role instructors can have on 
future intervention success. 
Analogous with Juvancic-Heltzel, Glickman and Barkley (2013) who found that 
increased exercise choice, participation and enjoyment improved performance, 
variation emerged as a key facilitator. Despite this, however, a greater number of 
participants felt that the variation, or lack thereof, in the sessions was a barrier, 
irrespective of group. It is possible that such discrepancies in opinion are related to 
inter-participant differences and, indeed, self-determination (Ryan & Deci, 2000). For 
example, those that found the sessions repetitive participated because they were 
extrinsically motivated by the potential benefits, whereas, those that felt that the 
variety was adequate may have participated because they were intrinsically motivated 
by the inherent satisfaction (i.e., enjoyment) of the exercise (Frederick & Ryan, 1993; 
Ryan et al., 1997). Therefore, whilst it is difficult to facilitate given the naturally 
repetitive nature of HIIT, it could be recommended that future research should focus 
on integrating a wider range of exercises or, as per the self-determination theory (Ryan 
& Deci, 2000), provide participants with some autonomy over the session design. 
Despite offering opportunities to attend either before or after school, or indeed a 
variety of both, the time of the intervention sessions were identified as a major barrier 
to participation. This is somewhat surprising given that the intervention was developed 
utilising formative research which suggested that, for the majority for participants, 
delivering sessions outside of school hours was a viable option (Winn et al., 2017). As 
such, and in combination with the intervention school being unwilling to allocate time 
to the intervention during the school day, the intervention was implemented outside of 
school hours. As informed by formative research (Winn et al., 2017), whereby some 
participants indicated that they would prefer sessions before school and others 
suggesting that they would prefer sessions after school, both were offered to maximise 
participation. Nonetheless, ultimately participants either disliked waking up early to 
attend morning sessions, with some also stating that they would feel too tired at the 
end of school to go to the session: 
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“It was too early in the morning and when it was after school, I was just tired from 
school”. (G29) 
Several participants, especially within the non-attendee groups, also identified barriers 
such as competing interests, for example, extracurricular sports, jobs or other 
commitments (Winn et al., 2017). Consequently, given HIIT’s previously 
demonstrated feasibility (Costigan, Eather, Plotnikoff, Taaffe, Pollock, et al., 2015), it 
could be suggested that future research should consider embedding a HIIT intervention 
within the school day. Indeed, previous research has successfully demonstrated that 
incorporating HIIT within a PE lesson can facilitate participation and elicit significant 
health improvements (K. L. Weston et al., 2016). 
Perhaps due to the greater level of exposure given the time spent at the sessions, poor 
peer behaviour was established as a predominant barrier within the attendees group. 
These findings are in line with research that suggests that negative experiences during 
exercise with peers can adversely influence participation (Ries et al., 2008; Slater & 
Tiggemann, 2010). Furthermore, in addition to its negative influence on participation, 
such poor behaviour may have also adversely affected the intervention’s fidelity, an 
integral component of a trial’s validity (Bellg et al., 2004; Horner, Rew, & Torres, 
2006; Taylor, Weston, & Batterham, 2015), for example: 
“We stopped all the time because there was people who were messing about, whereas 
we wanted to start the exercises off, but they kept on mucking about, so we never got 
to do what we should have done”. (B8) 
Linked to poor behaviour, peer isolation was a technique utilised by the instructor to 
control adverse behaviour, a factor that negatively influenced the participants 
perceptions of the intervention (Knowles, Niven, & Fawkner, 2011). Although such 
opinions are likely to be from the perspective of the participants who got removed, it 
is possible that such situations were also compounded by overcrowding during the 
sessions, a factor also viewed by the participants as a barrier. Indeed, when a greater 
number of participants attended a single session, the probability of detecting adverse 
behaviour was increased and, subsequently, increased the likelihood of peer isolation. 
Consequently, given that positive social experiences can foster adherence (Kelleher et 
al., 2017), to ameliorate such barriers, it could be proposed that future interventions 
should consider alternative disciplinary techniques (Blatchford, Bassett, & Brown, 
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2011) and also ensure groups remain with a manageable size in order to allow for 
greater control. 
Whilst many of barriers to the intervention cited were somewhat unsurprising, the 
identification of sprinting/running exercises as a barrier was unexpected given that 
these were specifically incorporated based on formative research (Winn et al., 2017). 
These findings therefore question the reliability of adolescents’ preconceived 
perceptions of exercise and traditional qualitative formative research methods. It is 
therefore suggested that future research should align “taster” sessions with traditional 
formative research methods, to obtain more informed perceptions. Specifically, the 
integration of iterative user-engaged intervention development could lead to more 
enjoyable and sustainable interventions. 
Although the present study has various strengths, certain limitations should be 
acknowledged. It is important to consider the potential influence of self-selection bias 
on the present findings due to the voluntary nature of the intervention (Ganguli, Lytle, 
Reynolds, & Dodge, 1998). Whilst the present study engaged with participants that 
had signed up to the intervention but did not regularly attend, it could be argued that 
these participants were still biased, given they still contemplated participation. An 
additional limitation is that peer pressure may have influenced focus-group discussions 
and therefore outcomes. In order to conform with perceived socially-desirable 
responses, participants may have modelled their answers accordingly (Paulhus & 
Vazire, 2005). Participants may also have felt pressured not to oppose, or alternatively, 
to agree with dominant members of the group (Leung & Savithiri, 2009). It could also 
be postulated that some participants may have found focus-groups an intimidating 
environment and could have therefore withheld their opinions. Whilst the author 
conducting the focus-groups had attended the exercise sessions and built a rapport with 
some of the participants, it is noteworthy that participants may not have felt 
comfortable being critical of the intervention. Nonetheless, the authors felt the 
experience and rapport would have extracted more insightful information. An 
additional limitation to the study was the lack of interviews with other people involved 
with the intervention, such as the Commando Joe’s instructor. Eliciting the opinions 
of the X4ACJ project from a facilitator’s standpoint may have provided an alternative, 
yet valuable, insight into some of the themes extracted from the attendee and non-
attendee participants. 
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Conclusion 
This study was the first to explore adolescents’ perceptions of HIIT and elicit their 
views on the barriers and facilitators to continued adherence. These findings, in 
combination with evidence advocating HIIT as a means to improve health in 
adolescents, provide support for the efficacy of HIIT as a population-based health 
intervention strategy. Findings suggest that researchers should employ a fun and varied 
games-based intervention within physical education lessons led by a well-qualified 
and approachable instructor. Sessions should also be well planned and consider the 
possible variation in ability between participants. Additionally, in conjunction with 
running or sprinting-based activities, repetition within and between sessions should be 
avoided.
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Thesis study map 
Study Outcomes 
The association 
between physical 
activity, fitness and 
body size and their 
effect on mental 
well-being and 
quality of life in 
children and 
adolescents 
Aim To investigate the relationships between 
VPA, BMI and cardiorespiratory fitness on 
symptoms of depression, and their 
subsequent direct and indirect effects on QoL 
in children and adolescents 
Key Findings Vigorous physical activity, cardiorespiratory 
fitness and BMI are associated, both directly 
and indirectly, with mental well-being and 
QoL in children and adolescents. 
The effect of high-
intensity interval 
training on mental 
well-being and 
quality of life in 
adolescents: the 
eXercise for Asthma 
with Commando 
Joe’s® (X4ACJ) trial 
Aim To assess the short-term and longer-term 
effects of a school-based HIIT intervention 
on body mass index, cardiorespiratory 
fitness, physical activity levels, depression, 
anxiety and QoL in adolescents. 
Key Findings HIIT does not significantly improve BMI, 
cardiorespiratory fitness, physical activity, 
depression, anxiety or QoL in adolescents. 
Exploring adolescent 
perceptions of a 
high-intensity 
interval training 
intervention: 
evaluating the 
eXercise for Asthma 
with Commando 
Joe’s® (X4ACJ) trial 
Aim To explore adolescents’ perceptions of the 
eXercise for Asthma with Commando Joe’s® 
(X4ACJ) HIIT intervention and to elicit their 
views on the barriers and facilitators to initial 
and continued participation. 
Key Findings Incorporating a fun and varied games-based 
HIIT intervention into physical education 
lessons led by a well-qualified and 
approachable instructor, whilst avoiding 
running or sprinting-based activities, has the 
potential to engage adolescents and could 
enhance participation in HIIT. 
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Chapter 7 – Synthesis 
General Summary 
This thesis presents three studies with the overarching aim of assessing the effects of 
high-intensity interval training (HIIT) on mental well-being and quality of life (QoL) 
in adolescents. This thesis includes a systematic review, which explored previous 
adolescent HIIT interventions with the aim of establishing the optimal HIIT protocol. 
Following the identification of an optimal protocol based on physiological measures, 
to use the recommended guidelines within a psychological and QoL intervention, 
associations between physiological and psychological health were established. Having 
determined that physiological health was significantly associated with psychological 
health and QoL, using the information from the systematic review in conjunction with 
additional formative research (Winn et al., 2017), the second component of this thesis 
was to implement and measure the effectiveness of the developed protocol. The third 
and final study presented a post-intervention evaluation of the trial from the 
participants’ perspectives. 
Summary of individual study findings 
Whilst there is a wealth of literature that has identified the beneficial effects of HIIT 
on physiological health (Rosenkranz et al., 2012; Tjønna et al., 2009; K. L. Weston et 
al., 2016), there remains a paucity of research exploring the effects of HIIT on mental 
well-being and QoL. Furthermore, the two studies (Costigan et al., 2016; Shepherd et 
al., 2015) that previously explored HIIT and mental health reported contradictory 
findings, though this could be attributed to the different exercise protocols. Given this 
dearth of literature, conducting a systematic review and establishing an optimal 
protocol based on psychological literature was not possible and, therefore, an 
alternative approach to forming a suitable exercise protocol was required. 
Subsequently, to elucidate the most effective HIIT protocol a systematic review was 
conducted that examined HIIT as a means of influencing key physiological health 
parameters (Eddolls et al., 2017; Chapter 3). In accord with this aim, thirteen studies 
were evaluated, providing evidence that HIIT can significantly improve certain health 
parameters in children and adolescents. Furthermore, optimal HIIT protocol guidelines 
were established, with findings suggesting running-based sessions, at an intensity of 
90% maximum heart rate (HR)/100–130% maximal aerobic velocity, 2-3 times a week 
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and with a minimum intervention duration lasting 7 weeks, elicits the greatest 
improvements to health.  
Since the findings of the systematic review were based on physiological measures, to 
use the recommended HIIT protocol guidelines within a psychological and QoL 
intervention, associations between the subcomponents of physiological and 
psychological health were required. Consequently, Study 1 aimed to investigate the 
direct and indirect relationships between physiological health, psychological health 
and QoL, using structural equation modelling (SEM). Within this cross-sectional 
study, 576 adolescents’ physical activity, body mass index (BMI), cardiorespiratory 
fitness, depression and QoL were assessed. The results indicated that vigorous physical 
activity (VPA), cardiorespiratory fitness and BMI were associated, both directly and 
indirectly, with depression and QoL. Furthermore, higher levels of VPA were 
associated with a greater cardiorespiratory fitness, lower BMI and healthier state of 
mental well-being. As such, it could be suggested that improving physiological health 
via HIIT, the structured form of VPA, may elicit improvements to psychological health 
and QoL.  
Following protocol guidelines identified within the systematic review (Eddolls et al., 
2017; Chapter 3) in combination with formative research (Winn et al., 2017), 
completed as part of the overall eXercise for asthma with Commando Joe’s (X4ACJ) 
project, an intervention was developed and implemented in order to establish the effect 
of HIIT on mental well-being and QoL. Study 2 examined the effect of the X4ACJ 
HIIT intervention on BMI, cardiorespiratory fitness, physical activity, anxiety, 
depression and QoL in adolescents. Participants were invited to 3 x 30-minute sessions 
per week for 6 months. Within the sessions, participants completed multiple bouts of 
maximal exercise with the aim of eliciting a HR greater than 90% age predicted 
maximum HR. Bouts lasted between 10-30 seconds, followed by an equal rest. High-
intensity interval training did not significantly improve BMI, cardiorespiratory fitness, 
physical activity, anxiety, depression or QoL in the intervention group. Consequently, 
whilst a number of limitations within the study may have confounded the results, these 
findings suggest that HIIT does not benefit certain physical health outcomes or mental 
well-being or QoL. Nevertheless, no detrimental effects to mental health or QoL were 
detected as a result of the HIIT intervention. 
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Given the lack of intervention effect on adolescents’ mental health or QoL, the 
importance of post-intervention evaluation was especially paramount in order to elicit 
an understanding of the possible intervention shortfalls (Hoffmann et al., 2014). 
Therefore, the aim of Study 3 was to explore adolescents’ perceptions of the X4ACJ 
HIIT intervention and the barriers and facilitators to participation. Participants were 
interviewed via semi-structured focus-groups, with data from two groups (attendee and 
non-attendee) transcribed verbatim and thematically analysed deductively, with key 
emergent themes represented using pen profiles. The findings indicated that HIIT is a 
viable and enjoyable form of exercise for adolescents, however, to maximise 
participation, factors related to session timing, exercise activities, group composition, 
instructor and exercise progression and protocol should be accounted for. Specifically, 
data suggested that embedding a HIIT intervention within the school day may improve 
adherence. Furthermore, sessions should be split into manageable group sizes based 
on year groups, with the exercise led by a well-qualified, motivational and 
approachable instructor. Prior to conducting the intervention sessions, lessons should 
be well planned and varied to avoid repetition and should allow for progression or 
regression within exercises. Whilst running and sprinting exercises should be avoided, 
competitive invasion games were deemed the most enjoyable. 
General discussion  
In line with the aims stated in Chapter 1, the present thesis developed, conducted and 
evaluated a HIIT intervention aimed at enhancing adolescents’ mental health and QoL. 
Considering the mixed findings within this thesis, in this section, issues related to the 
intervention design will be discussed, in addition to the differences between Study 1 
and Study 2. Furthermore, potential reasons for the variance in findings within all the 
studies will be covered. 
Intervention design 
The X4ACJ HIIT intervention was developed following the guidance of formative 
research (Winn et al., 2017) and a systematic review (Eddolls et al., 2017; Chapter 3) 
while also abiding by the restrictions placed by the participating school. As part of the 
six-month trial, adolescents were invited to attend 3 x 30-minute exercise sessions per 
week held on alternative weekdays, either before or after the school day. The exercise 
sessions, led by a Commando Joe’s® instructor, partly replicated previous HIIT 
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interventions (Baquet et al., 2010; Boddy et al., 2010; Racil et al., 2016; Sperlich et 
al., 2011), with participants asked to complete multiple bouts of various exercises, 
each lasting between 10-30 seconds, followed by an equal period of rest. During the 
exercise phase, to comply with previously outlined standards (Hood et al., 2011; Little 
et al., 2011), the exercises were designed to induce a HR exceeding 90% maximum 
HR. 
Despite a paucity of comparative research, the intervention within Study 2 draws some 
parallels with previous intervention designs. Similar to Costigan et al. (2016), Study 
2 followed comparable exercise and rest interval timings, with the exercises completed 
during the intervention also consisting of a combination of cardiorespiratory and body 
weight resistance exercises. Furthermore, akin with Study 2, Costigan and colleagues 
(2016) conducted their intervention within a school with adolescents. Despite stark 
differences regarding session and intervention duration, the methodological 
similarities regarding the intervention design between both studies may perhaps 
explain the analogous findings. In contrast, however, Shepherd et al. (2015) reported 
significant improvements to psychological health as a result of HIIT. It should be 
noted, however, that these findings were a result of a laboratory-based mechanically-
braked spinning bike intervention, in which extraneous and independent variables 
could be closely controlled, thus lowering the ecological validity of the findings. 
Moreover, it could also be postulated that, despite comparable session durations and 
exercise interval timings to Study 2, the disparity in results is perhaps due to Shepherd 
et al. (2015) focusing exclusively on inactive adults. Consequently, future research 
should perhaps consider the relationship between baseline fitness and the potential 
magnitude of change over the course of a HIIT intervention. 
Although the methodological differences between Study 2 and Shepherd et al. (2015) 
may partly explain the contrasting findings, several other restrictions related to the 
intervention design may also have confounded the results. A key factor that likely 
effected the statistical outcomes of Study 2 was the low sample size, a consequence 
of the barriers highlighted within Study 3. Indeed, many of those invited to attend the 
X4ACJ HIIT intervention were either unable to participate due to competing interests 
or did not want to relinquish their spare time. Furthermore, despite Buchan, Ollis, 
Thomas, Malina and Baker (2012) recommending physical education lessons as the 
ideal setting, integrating the entire HIIT intervention within physical education lessons 
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within school day was unfeasible. Indeed, similar to issues faced in previous research 
(Taylor, 2014), the limited proportion of the academic timetable allocated to physical 
education, conducting 3 x 30-minute sessions within those lessons was not possible. 
Moreover, similar to the issues described in Buchan et al. (2012), the participating 
school were unwilling to allocate a portion of other parts of the school timetable 
specifically for the intervention. Additionally, although previous interventions have 
used physical education lessons to conduct HIIT (Costigan et al., 2016; K. L. Weston 
et al., 2016), the intervention school in the present thesis stated the reason that they 
were not willing to incorporate the intervention within the school day was that the 
specific exercise activities did not align with the national curriculum. Therefore, to 
ameliorate issues relating to competing interests or participant aversion to 
relinquishing their own time, it is recommended that future studies consider the 
requirements of the national curriculum prior to developing prospective school-based 
exercise interventions to enable their implementation within physical education 
lessons. This is especially relevant given the findings within Study 3 and previous 
research (Donnelly et al., 2016), in which increased physical activity and exercise has 
been associated with improved academic performance. 
Another factor that possibly limited the design of the HIIT intervention was the use of 
the systematic review (Eddolls et al., 2017; Chapter 3) to form the intervention 
protocol. Despite Study 1 supporting the use of the physiological findings in the 
systematic review (Eddolls et al., 2017; Chapter 3) for use within a psychological 
intervention, it is highly possible that such protocol guidelines are not appropriate to 
induce improvements to mental health. Consequently, to consolidate findings related 
to the effect of HIIT on mental health and QoL, impending research should further 
explore a range of differing protocols. Despite designing the exercise activities using 
information collected from future participants during formative work (Winn et al., 
2017), once participants were reassessed as part of the post-intervention evaluation 
(Study 3), many of the pre-conceived ideas had altered. For example, the finding of 
the inclusion of sprinting/running exercises being a barrier within Study 3 was 
somewhat surprising given that the formative review identified it as enjoyable (Winn 
et al., 2017). Consequently, although widely used across research (Boddy, Knowles, 
et al., 2012; Mackintosh et al., 2011), these findings bring into question the accuracy 
of traditional qualitative formative research in exercise. Indeed, when comparing the 
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formative research (Winn et al., 2017) and the post-intervention evaluation (Study 3) 
it appears that adolescents’ perceptions can ultimately change once they have had the 
opportunity to experience said exercise. Therefore, prior to future formative research, 
to obtain a more informed response, researchers should endeavour to provide “taster” 
sessions as part of a pilot study. 
Effects of VPA and HIIT on mental health and QoL 
The present thesis provides contrasting perspectives as to the effect of high-intensity 
physical activity or exercise on mental health and QoL. Within Study 1, higher levels 
of VPA, mediated by BMI, were shown to be indicative of fewer symptoms of 
depression and greater QoL. Conversely, Study 2 reported that HIIT did not elicit any 
significant improvements in symptoms of depression or QoL, with significant changes 
in anxiety attributed to factors outside of the intervention. Since HIIT is a structured 
form of VPA, the variance in findings between Study 1 and Study 2 is intriguing. 
Specifically, given that the physical activity accrued via HIIT is essentially VPA, the 
results between Studies 2 and 3 should be similar. 
It could be postulated that the primary reason for the variance between Study 1 and 
Study 2 is that Study 2 did not significantly improve BMI or cardiorespiratory fitness. 
Within Study 1, increased VPA was shown to only improve depression and QoL 
indirectly, mediated by BMI and cardiorespiratory fitness, respectively. Subsequently, 
it could be suggested that without eliciting significant improvements in BMI or 
cardiorespiratory fitness, HIIT was unable to significantly improve depression, and 
subsequently QoL. This is further supported by previous research in which 
physiological improvements attributed to physical activity and exercise, for example, 
improved body composition (Drenowatz et al., 2016; Gutin et al., 2002), can elicit 
improvements in self-image and self-esteem (C. E. Ross, 1994), which have both been 
associated with mental health (Lubans et al., 2016; Markowitz et al., 2008). This 
suggests that interventions should be multifaceted and aim to improve both 
physiological and psychological health rather than exclusively concentrating on just 
one component of health. 
Given the relationship between VPA and HIIT, it could also be theorised that the 
difference in findings between Study 1 and Study 2 is a result of sample size issues. 
Indeed, within the intervention group in Study 2, there is scope to suggest that the lack 
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of significance, at least in part, may be due to the relatively small sample size and thus 
decreased statistical power. An additional reason for the variance in findings is perhaps 
that since Study 2 is cross-sectional in design, causality cannot be inferred and 
therefore the study is unable to detect the direction of a relationship. Accordingly, it 
could be proposed that lower symptoms of depression and good QoL are indicative of 
higher levels of VPA, rather than the other way around. Nevertheless, it has been 
suggested that if using appropriate and robust statistical analysis, such as SEM, 
observational trials (Study 1) may better reflect the wider population compared to 
randomised controlled trials performed in a homogenous sub-group such as in Study 
2 (Faraoni & Schaefer, 2016). 
In summary, since there are constraints to both cross-sectional (Study 1) and 
randomised control trials (Study 2), neither study types should be considered in 
isolation. Rather, researchers should form their interpretations of results based on 
methodological rigour (Berger et al., 2012). Therefore, considering the limitations of 
both studies, it should be assumed that neither study is conclusive. Subsequently, 
further research is needed to determine the effects of VPA and HIIT on mental health 
and QoL. 
Thesis strengths 
A major strength of this thesis was the documentation of the development, 
implementation and evaluation of the X4ACJ project. Specifically, this thesis provided 
a supporting evidence that VPA, the non-structured form of HIIT, could ameliorate 
mental health and QoL (Study 1), tested the effectiveness of implementing a HIIT 
intervention as a means of improving mental health and QoL (Study 2) and evaluated 
the HIIT intervention in terms of participant perceptions (Study 3). Furthermore, this 
thesis explored a relatively novel area of research, with only a limited number of 
studies published to date (Costigan et al., 2016; Shepherd et al., 2015). An additional 
strength that is worth noting is that the intervention was school-based and not 
laboratory-based. This demonstrates that HIIT can be implemented within schools, 
with limited equipment. Indeed, although more recent research has moved towards 
implementing HIIT within a real-world setting (Costigan et al., 2016; K. L. Weston et 
al., 2016), much of the research to date remains laboratory-based (Baquet et al., 2010; 
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Rosenkranz et al., 2012; Tjønna et al., 2009), therefore limiting the ecological validity 
of their findings.  
Thesis limitations 
There are several limitations within this thesis, primarily related to study design. A 
confounding factor that may have may have introduced bias was the non-blinding of 
groups. Given that the leading researchers were responsible for both the data collection 
and intervention implementation, conducting a blind assessment was not possible. 
However, since the control group participants were not informed that there was an 
additional group receiving an exercise intervention, it is unlikely such bias would have 
impaired the results. 
A further limitation to this thesis relates to the fidelity to the HIIT protocol, or the 
degree to which the intervention followed the principles of HIIT. In accord with the 
key principals of HIIT and in line with the thresholds set out (Hood et al., 2011; Little 
et al., 2011), the target intensity of the intervention was set at >90% HR maximum. 
However, although still above the threshold for physiological gain (Baquet et al., 
2003), HR data suggested that the intervention elicited an average of ~80% HR 
maximum over the exercise sessions. Although, it is pertinent to note that, whilst both 
the warm-up and cool-down periods were removed, this average includes between 
exercise rest periods, with mean maximum HR exceeding 90%. It could also be 
postulated that the short bout duration and quicker recovery of adolescents compared 
to adults (Falk & Dotan, 2006) may have influenced participant HR outcomes. 
Specifically, participants may have returned to nearer baseline values between each 
bout, thereby requiring a greater subsequent intensity or duration to achieve a HR 
maximum greater than 90%. Regardless, participants exceeded the threshold of >90% 
HR maximum 24% of the time, which, when considering they were at rest for half of 
the sessions, suggests that the intervention should be considered HIIT. An additional 
limitation to this study related to HR validity was the reliability of the HR 
measurement equipment. Although the HR data within the present thesis was in line 
with previous HIIT research, in many cases, there was a “drop-out” in data, whereby, 
for short periods, the HR monitors would fail to pick up participants HRs, possibly 
related to being dislodged due to the vigorous exercise, reducing the overall average. 
Furthermore, perhaps unavoidable when working with adolescents, poor participant 
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behaviour during the sessions occasionally resulted in elongated rest periods to allow 
the facilitator to discipline. Indeed, a key barrier to participation that was identified 
within Study 3 was poor behaviour by peers. Considering the limitations related to 
intervention fidelity and HR reliability, future studies should consider more accurate 
methods to determine exercise intensity during each exercise session and indeed bouts, 
which may also allow a dose-response relationship to be elucidated. 
An additional limitation of this thesis in relation to work presented in Study 2 was the 
small sample size. Although it was the intention to deliver the X4ACJ HIIT 
intervention to a large sample, this was not achieved; possibly due to the various 
barriers featured in Study 3. Indeed, despite the intervention largely being informed 
by formative research that included participants from the intervention school (Winn et 
al., 2017), adherence was poor. Therefore, considering the relatively small sample size 
and subsequent decreased statistical power, it is possible to speculate that this may 
have confounded any potential significant findings. Accordingly, the findings in Study 
2 may not provide an accurate reflection of the effect of HIIT on mental health and 
QoL. From a statistical analysis standpoint, it could be suggested that future research 
should consider evaluating practical/clinical significance using the minimum clinically 
important difference (Batterham & Hopkins, 2006). However, in terms of participant 
recruitment and retention, from the findings within Study 3, the primary reason for the 
lack of attendance was that the sessions took place either prior to or after school. Many 
participants articulated that they had other commitments, ranging from school sport to 
being young carers, or that they just did not want to get out of bed early to participate 
or would rather play with their friends after school: 
“I purely couldn’t be bothered… it’s too early in the morning… and I just couldn’t be 
bothered to go after school”. (G28) 
Consequently, to ameliorate this, the leading recommendation would be to ensure that 
the intervention sessions were embedded within the school day, similar to previous 
HIIT interventions (Boddy et al., 2010; Costigan, Eather, Plotnikoff, Taaffe, Pollock, 
et al., 2015; K. L. Weston et al., 2016). 
Finally, with respect to the mental health and QoL instruments utilised within this 
thesis, in line with their instructions, all were measured using self-reporting 
techniques. In addition to issues related to social desirability (Paulhus & Vazire, 2005), 
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this type of measurement is limited as it relies on participants perceptions of health to 
be equal, which may not have been the case. Furthermore, it could be postulated that 
respondent interest may have confounded the results of this thesis. Indeed, given the 
number of participants completing the measures at any one time, the ability to control 
and focus every participant’s attention exclusively on the questionnaire was 
unfeasible. Consequently, participants may have answered their questionnaire without 
due care, potentially effecting the overall findings. Despite this, however, each 
questionnaire had been previously validated for use within child and adolescent 
populations and scored adequately with regard to Cronbach’s Alpha (Cronbach, 1951).  
Implications for future research 
From the work completed in this thesis, in order to further research in HIIT and mental 
health, there are several recommendations that should be taken into consideration prior 
to undertaking any future studies. Although some qualitative formative research was 
conducted for this thesis (Winn et al., 2017), it was limited. As such, before prescribing 
future HIIT interventions, more comprehensive formative research is warranted. 
Researchers should consider implementing short pilot studies prior to conducting any 
long-term large-scale studies, not only to test the effectiveness of any newly designed 
protocols, but also to gain an understanding of participant’s perceptions of the 
intervention prior to conducting any main trial. Additionally, as highlighted within 
Chapter 2, there is limited information regarding an “optimal” exercise protocol in 
terms of exercise dose within adolescent mental health research. As such, more 
comprehensive formative research may provide greater clarity as to the best frequency, 
intensity, time and type of exercise to induce improvements to mental health. 
Since research to date has only used relatively small samples, larger, more suitably-
powered trials are required to provide a more comprehensive assessment of the effects 
of HIIT on mental well-being and QoL. Consequently, researchers should aim to 
maximise participant recruitment and ensure participant retention remains high. Based 
on the findings within Study 3, it is recommended that future research integrates 
prospective HIIT interventions within the school day. It would therefore be beneficial 
for future interventions to align the exercise activities incorporated within the 
intervention with the national curriculum. Collaborating with physical education 
teachers to ensure that future interventions fulfil the national curriculum requirements 
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is therefore recommended. Additionally, in line with the findings in Study 3, future 
research should ensure that interventions employ a fun and varied games-based 
intervention sessions led by a well-qualified and approachable instructor. Sessions 
should also be well planned and consider the possible variation in ability between 
participants and avoid running or sprinting-based activities and repetition within and 
between sessions. 
Given the findings within Study 1, which suggested that VPA was only indirectly 
associated with depression and QoL, mediated by BMI and cardiorespiratory fitness, 
future HIIT interventions aiming to improve mental health should remain multifaceted. 
It is recommended that prospective interventions should primarily target increasing 
VPA, improving cardiorespiratory fitness and reducing BMI, with the secondary target 
being to improve mental health and QoL. As such, researchers should monitor 
participants’ VPA levels, cardiorespiratory fitness and BMI throughout HIIT 
interventions. Indeed, given the postulated minimum intervention duration threshold 
(Eddolls et al., 2017), to improve mental health outcomes, it may be necessary to 
amend the session content if the HIIT intervention does not deliver positive 
physiological results after 7 weeks. Additionally, future research should aim to address 
issues relating to physical activity accrued outside of interventions. Accordingly, 
future studies should report objectively measured physical activity levels to assess the 
potential ramifications of a “compensation effect” that may negate the beneficial 
effects of HIIT. 
Overall conclusion  
Work within this thesis indicates that physiological health is associated with 
psychological health and QoL, both directly and indirectly. Additionally, increased 
VPA was correlated with improvements in BMI, symptoms of depression, 
cardiorespiratory fitness and QoL. Regardless of this, for anxiety, depression and QoL, 
such benefits did not translate when structured VPA was applied using a HIIT 
intervention. However, given that the prescribed HIIT intervention was designed using 
guidelines based on physiological outcomes, despite the association between 
physiological health and psychological health and QoL, such a protocol may have been 
unsuitable. Nonetheless, no detrimental effects were noted because of HIIT, therefore 
this thesis suggests that it should be considered a feasible and time-efficient form of 
exercise that can improve physical health. Furthermore, given that previous research 
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has demonstrated that HIIT can significantly improve mental well-being in adults, 
taking into consideration the present thesis’ limitations and taking forward the 
implications for future research, there is scope to suggest that HIIT has the potential 
to improve mental well-being and QoL in adolescents. 
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Appendix C – Headteacher information sheet (intervention) 
 
 
 
Applied Sports Technology Exercise and Medicine Research Centre (A-STEM) 
Sport and Health Portfolio, College of Engineering 
 
 
 
 
 
 
HEADTEACHER INFORMATION SHEET (Intervention) 
(Version 1.2, Date: 01/06/2015) 
 
      
Project Title: 
The x4a trial: eXercise for Asthma with Commando Joes. 
 
Contact Details: 
William Eddolls  Phone: Email: 
Charles Winn    
Dr Kelly Mackintosh   
Dr Melitta McNarry   
 
1. Invitation Paragraph 
Thank you for taking the time to read this information sheet, it will provide you with the details of our 
study and hopefully provide you with the information you require to help you decide if you want your 
school to participate. It is important to say at this point that the decision to take part is entirely up to 
you and that your school will not be at a disadvantage for future studies should you decide not to 
participate. 
 
2. What is the purpose of the study? 
A strong relationship has been shown between physical inactivity and obesity. Worryingly only a small 
portion of children meet the government guidelines of 60 minutes of exercise. This, in a lot of cases, 
is because time constraints do not allow children to get the exercise they need. Short bouts of high 
intensity exercise have previously been shown to be an effective and useful way of meeting exercise 
requirements. Therefore, the purpose of this study is to assess whether high intensity training can be 
used as an effective method of improving numerous physical and mental health factors including 
asthma symptoms and quality of life. 
 
3. Why has your school been chosen? 
Your school has been selected via random assignment after being selected as a potentially suitable 
school. The results from the initial questionnaire will help us identify pupils with asthma and we would 
therefore like to involve them within the study.  
 
However this does not mean your schools has to take part in the study. This is voluntary and you have 
the right to withdraw your school from the study at any time. If you wish to withdraw from the study 
you will not be hassled, get in trouble, and you will not have to give a reason for your withdrawal. All 
participants will be able to withdraw themselves from the study at any point without fear of penalty 
on withdrawal. 
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4. What will happen to your pupils if they take part? 
Once consent/assent is returned students will be invited to attend our exercise programme. This is a 
45 minute exercise session that includes 30 minutes of high intensity exercise, conducted 3 times a 
week before or after school. These sessions will alter weekly and last for 6 months. Over the course 
of the intervention this totals approximately 54 hours. An example session would be planned as 
follows: 
 
Warm-up – This will last approximately 5 minutes. In the warm-up the students will take part in light 
jogging and stretches to ensure their body is ready to exercise. 
High intensity exercise – This will consist of numerous bouts of 30 second exercises followed by 30 
seconds rest. Exercises will include numerous military style games. This section of the programme will 
last 30 minutes. 
Warm-down – This will be conducted to ensure that the children experience minimal muscle soreness 
following exercise. This will last 10 minutes to allow for possible asthma related issues. 
 
All pupils will also be invited to an assessment day where a number of tests will be conducted. These 
assessment days will occur at 5 time points across approximately 12 months but should only require 
the students to miss half a day of lessons per time point. This will total approximately 25 hours. These 
tests will include: 
 
Questionnaires – These will include quality of life, mental well-being, asthma health utilization, 
asthma control and an anxiety questionnaire. 
 
Lung function test and fractional exhaled nitric oxide – Participants will be asked to blow hard into one 
device and gently into a tube connected to a monitor, these will be taken 5 times throughout the year. 
 
Maturation assessments – The children will be asked to complete a questionnaire. It consists of 
showing line drawings of different pubertal stages. A box next to each picture is then ticked by the 
child to identify which pubertal stage resembles them. This will be done in complete privacy and 
only looked at by researchers on completion of the study. Please see attached sheet for line 
drawings. 
 
Multi-stage fitness test – The children will be asked to complete a bleep test to assess their fitness at 
different points throughout the year. It will require the children to run 20m shuttle runs to the sound 
of beeps which increase in speed until the child no longer reaches the line before the beep sounds. 
 
Focus groups – In this the children will be interview in groups of 4-6 and asked questions related to 
exercise and asthma. These sessions will be either videoed or voice recorded. Those that are randomly 
selected to attend will be asked to provide us with 1 hour of their time. 
 
Physical activity measurement – Children will be asked to wear a physical activity monitor for 7 
consecutive days. They will also be asked to keep an activity log to record when they remove the 
accelerometer. Handing out and collecting the accelerometers will take approximately 1 hour at 5 
time points over 12 months, totaling 5 hours. 
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A smaller group of children will also be selected for the laboratory testing (roughly 16 per school [8 
asthmatic and 8 non-asthmatic]). They will be asked to attend a laboratory session over 4 days (this 
will be a maximum of 40 mins each session) at 5 time points. These also can be run in your school. 
During this laboratory testing students will be asked to complete tests that will include: 
 
Functional fitness test – In this test they will practice using the static bicycle until they are happy with 
it. It will start off easy and get harder until your child says they can’t keep going. During this, they will 
breath into a mask to allow us to measure the air that they breathe in and out. This mask does not 
make breathing any harder and you can talk through it and remove it at any time they feel 
uncomfortable about wearing it. The exercise will last approximately 15 minutes. 
 
Blood analysis – A small pin prick will be administered to the children’s finger where an extremely 
small drop of blood will be taken, if the children do not feel comfortable doing this test then they will 
be able to decline without any question. 
 
Blood pressure and heart rate – Participants will be asked to place an inflatable cuff around their arm. 
This will inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the 
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn 
around the student’s chest. This is an elastic belt that fits all. An area will be designated to allow the 
student’s to attach this in private.  
 
Pulse Wave Velocity – in order to measure the health of the children’s arteries we will measure the 
speed at which blood pressure waves flow. In order to measure this we will need to apply a cuff 
around the neck and upper leg of the children. This measurement should only last 5 minutes. 
 
5. What are the possible disadvantages of taking part? 
There aren’t any significant risks or discomforts within the study. If your pupils follow our instructions 
which will ensure that you are appropriately warm for the activity then the risks will be minimised. 
There is a small risk of injury from the activity (as in any Physical Education class); however there will 
be trained first aiders on hand to deal with any injuries which may occur. Asthmatics taking part in the 
study may succumb to exercise induced asthma after the exercise is complete; this is the main reason 
for the warm down as if this does occur it will be roughly 7 minutes after the main part of the 
programme. If this does occur we have personnel trained in asthma care in this situation that would 
be able to support the child appropriately with inhaler use.   
 
6. What are the possible benefits of taking part? 
Your student’s physical fitness and mental wellbeing including your student’s quality of life could 
improve through completing this program. It will also help provide crucial answers to research 
questions in the health and exercise area of study namely asthma, childhood obesity and other effects 
of physical inactivity.  
 
7. Will my pupils taking part in the study be kept confidential? 
Although your pupils’ details will be taken prior to conducting the study, they will remain 
anonymous and this would be the same should the study be published. Your pupil’s personal 
information will be stored on a protected computer with a password and personal information will  
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be destroyed at the study end (with consent forms stored in a locked cabinet in a secure area, to be 
destroyed within 5 years of study end). Members of the university will be able to access your 
information under supervision.  
 
8. What if I have any questions? 
If you have any problems or need any further information about the study or the testing then please 
contact any of the research team using the contact details provided. 
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Appendix D – Headteacher information sheet (control) 
 
 
 
 
Applied Sports Technology Exercise and Medicine Research Centre (A-STEM) 
Sport and Health Portfolio, College of Engineering 
 
 
 
 
 
 
HEADTEACHER INFORMATION SHEET (Control) 
(Version 1.2, Date: 01/06/2015) 
      
Project Title: 
The x4a trial: eXercise for Asthma with Commando Joes. 
 
Contact Details: 
William Eddolls  Phone: Email: 
Charles Winn    
Dr Kelly Mackintosh   
Dr Melitta McNarry   
 
1. Invitation Paragraph 
Thank you for taking the time to read this information sheet, it will provide you with the details of our 
study and hopefully provide you with the information you require to help you decide if you want your 
school to participate. It is important to say at this point that the decision to take part is entirely up to 
you and that your school will not be at a disadvantage for future studies should you decide for them 
not to participate. 
 
2. What is the purpose of the study? 
A strong relationship has been shown between physical inactivity and obesity. Worryingly only a small 
portion of children meet the government guidelines of 60 minutes of exercise. This, in a lot of cases, 
is because time constraints do not allow children to get the exercise they need. Short bouts of high 
intensity exercise have previously been shown to be an effective and useful way of meeting exercise 
requirements. Therefore, the purpose of this study is to assess whether high intensity training can be 
used as an effective method of improving numerous physical and mental health factors including 
asthma symptoms and quality of life. 
 
3. Why has your school been chosen? 
Your school has been selected via random assignment to be a control school. This will mean that 
similar measures are made on the children as in the intervention schools where the exercise 
programme is being delivered so that we can tell if the programme has made a difference. However 
this does not mean your school has to take part in the study. This is voluntary and you have the right 
to withdraw your school from the study at any time. If you wish to withdraw from the study you will 
not be contacted further, and you will not have to give a reason for your schools withdrawal. All 
participants will be able to withdraw themselves from the study at any point without fear of penalty 
on withdrawal. 
 
4. What will happen to your pupils if they take part? 
Once consent/assent is returned your students all pupils will also be invited to an assessment day 
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where a number of tests will be conducted. These assessment days will occur at 5 time points across 
approximately 12 months but should only require the students to miss half a day of lessons per time 
point (these days will be run at your school). These tests will include: 
 
Questionnaires – These will include quality of life, mental well-being, asthma health utilization, 
asthma control and an anxiety questionnaire. 
 
Lung function test and fractional exhaled nitric oxide – Participants will be asked to blow hard into one 
device and gently into a tube connected to a monitor. 
 
Maturation assessments – The children will be asked to complete a questionnaire. It consists of 
showing line drawings of different pubertal stages. A box next to each picture is then ticked by the 
child to identify which pubertal stage resembles them. This will be done in complete privacy and 
only looked at by researchers on completion of the study.  
 
Multi-stage fitness test – The children will be asked to complete a bleep test to assess their fitness at 
different points throughout the year. It will require the children to run 20m shuttle runs to the sound 
of beeps which increase in speed until the child no longer reaches the line before the beep sounds. 
 
Physical activity measurement – Children will be asked to wear a physical activity monitor for 7 
consecutive days. They will also be asked to keep an activity log to record when they remove the 
accelerometer. Handing out and collecting the accelerometers will take approximately 1 hour at 5 
time points over 12 months, totaling 5 hours. 
 
A smaller group of children will also be selected for the laboratory testing (roughly 16 per school [8 
asthmatic and 8 non-asthmatic]). They will be asked to attend a laboratory session over 4 days (this 
will be a maximum of 40 mins each session) at 5 time points. These also can be run in your school. 
During this laboratory testing students will be asked to complete tests that will include: 
 
Functional fitness test – In this test they will practice using the static bicycle until they are happy with 
it. It will start off easy and get harder until your child says they can’t keep going. During this, they will 
breath into a mask to allow us to measure the air that they breathe in and out. This mask does not 
make breathing any harder and you can talk through it and remove it at any time they feel 
uncomfortable about wearing it. The exercise will last approximately 15 minutes. 
 
Blood analysis – A small pin prick will be administered to the children’s finger where an extremely 
small drop of blood will be taken, if the children do not feel comfortable doing this test then they will 
be able to decline without any question. 
 
Blood pressure and heart rate – Participants will be asked to place an inflatable cuff around their arm. 
This will inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the 
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn 
around the student’s chest. This is an elastic belt that fits all. An area will be designated to allow the 
student’s to attach this in private.  
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Pulse Wave Velocity – in order to measure the health of the children’s arteries we will measure the 
speed at which blood pressure waves flow. In order to measure this we will need to apply a cuff around 
the neck and upper leg of the children. This measurement should only last 5 minutes. 
 
5. What are the possible disadvantages of taking part? 
There aren’t any significant risks or discomforts within the study. If your pupils follow our instructions 
which will ensure that you are appropriately warm for the activity then the risks will be minimised. 
There is a small risk of injury from the activity (as in any Physical Education class); however there will 
be trained first aiders on hand to deal with any injuries which may occur. Asthmatics taking part in the 
study may succumb to exercise induced asthma after the exercise is complete; this is the main reason 
for the warm down as if this does occur it will be roughly 7 minutes after the main part of the 
programme. If this does occur we have personnel trained in asthma care in this situation that would 
be able to support the child appropriately with inhaler use.   
 
6. What are the possible benefits of taking part? 
Your student’s physical fitness and mental wellbeing including your student’s quality of life could 
improve through completing this program. It will also help provide crucial answers to research 
questions in the health and exercise area of study namely asthma, childhood obesity and other effects 
of physical inactivity.  
 
7. Will my pupils taking part in the study be kept confidential? 
Although your pupils’ details will be taken prior to conducting the study, they will remain anonymous 
and this would be the same should the study be published. Your pupil’s personal information will be 
stored on a protected computer with a password and personal information will be destroyed at the 
study end (with consent forms stored in a locked cabinet in a secure area, to be destroyed within 5 
years of study end). Members of the university will be able to access your information under 
supervision.  
 
8. What if I have any questions? 
If you have any problems or need any further information about the study or the testing then please 
contact any of the research team using the contact details provided.  
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Appendix E – Headteacher consent form 
 
 
 
Applied Sports Technology Exercise and Medicine Research Centre (A-STEM) 
Sport and Health Portfolio, College of Engineering 
 
 
 
 
HEADTEACHER CONSENT FORM 
(Version 1.2, Date: 01/06/2015) 
 
Project Title: 
The x4a trial: eXercise for Asthma with Commando Joes. 
 
Contact Details: 
William Eddolls  Phone: Email: 
Charles Winn    
Dr Kelly Mackintosh   
Dr Melitta McNarry   
 
                    Please initial box 
 
1. I confirm that I have read and understood the information sheet dated 
01/06/2015 (version number 1.2) for the above  
 study and have had the opportunity to ask questions. 
 
2. I understand that my school’s participation is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my legal rights  
being affected. 
 
3. I understand that sections of any of data obtained may be looked 
at by responsible individuals from the Swansea University or 
from research regulatory authorities where it is relevant to my taking part  
in research.  I give permission for these individuals to have access to 
these records. Analysis will be done on anonymous data. 
 
4. I give consent for video and voice recording and photography. 
(providing parent/guardian have provided consent) 
 
5. I agree for my school to take part in the above study. 
 
 
_____________________________  
Name of School      
 
_____________________________ ________________ ________________________ 
Name of Headteacher   Date   Signature  
 
_____________________________ ________________ ________________________ 
Researcher    Date   Signature 
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Appendix F – Parental/guardian information sheet (intervention) 
 
 
 
 
Applied Sports Technology Exercise and Medicine Research Centre (A-STEM) 
Sport and Health Portfolio, College of Engineering 
 
 
 
 
 
 
PARENTAL/GUARDIAN INFORMATION SHEET (Intervention) 
(Version 1.2, Date: 01/06/2015) 
 
 
Project Title: 
The x4a trial: eXercise for Asthma with Commando Joes. 
 
Contact Details: 
William Eddolls  Phone: Email: 
Charles Winn    
Dr Kelly Mackintosh   
Dr Melitta McNarry   
 
1. Invitation Paragraph 
Thank you for taking the time to read this information sheet, it will provide you with the details of our 
study and hopefully provide you with the information you require to help you decide if you want your 
child to participate. It is important to say at this point that the decision to take part is entirely up to 
you and that your child will not be at a disadvantage for future studies should you decide for them not 
to participate. 
 
2. What is the purpose of the study? 
A link has been shown between exercise and obesity. Worryingly only a small number of children meet 
the government guidelines of 60 minutes of exercise. This, a lot of the time, is because time does not 
allow children to get the exercise they need. High intensity exercise has been shown to be a good way 
of getting enough exercise. So, we want to see whether high intensity training can be used to improve 
mental and physical health including asthma and quality of life. 
 
3. Why has your child been chosen? 
Your child’s school has been chosen randomly. However this does not mean your child has to take part 
in the study. This is voluntary and you have the right to withdraw them from the study at any time. If 
you wish to withdraw your child from the study you will not be hassled, and you will not have to give 
a reason for their withdrawal. Your child will also be able to withdraw themselves from the study at 
any point without fear of penalty on withdrawal. 
 
4. What will happen to your child if they take part? 
Your child will be invited to attend our exercise program. This is a 45 minute exercise session that 
includes 30 minutes of high intensity exercise conducted 3 times a week before or after school over 6 
months. Over the course of the intervention this totals approximately 54 hours. These sessions will 
alter weekly. An example session would be planned as follows: 
 
Warm-up – This will last approximately 5 minutes. In the warm-up the children will take part in light  
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jogging and stretches to ensure their body is ready to exercise. 
High intensity exercise – This will consist of numerous bouts of 30 second exercises followed by 30 
seconds rest. Exercises will include numerous military style games. This section of the programme will 
last 30 minutes. 
Warm-down – This will be conducted to ensure that the children experience minimal muscle soreness 
following exercise. This will last 10 minutes to allow for possible asthma related issues. 
 
Your child will also be invited to an assessment day where a number of tests will be conducted. These 
assessment days will occur at 5 time points across approximately 12 months but should only require 
your child to miss half a day of lessons per time point. These tests will include: 
 
Questionnaires – These will include quality of life, mental well-being, asthma health utilization, asthma 
control and an anxiety questionnaire. 
 
Lung function test and fractional exhaled nitric oxide – Participants will be asked to blow hard into one 
device and gently into a tube connected to a monitor, these will be taken 5 times throughout the year. 
 
Maturation assessments – The children will be asked to complete a questionnaire. It consists of 
showing line drawings of different pubertal stages. A box next to each picture is then ticked by the 
child to identify which pubertal stage resembles them. This will be done in complete privacy and only 
looked at by researchers on completion of the study. Please see attached sheet for line drawings. 
 
Multi-stage fitness test – Your child will be asked to complete a bleep test to assess their fitness at 
different points throughout the year. It will require them to run 20m shuttle runs to the sound of 
beeps which increase in speed until they no longer reach the line before the beep sounds. 
 
Focus groups – In this the children will be interview in groups of 4-6 and asked questions related to 
exercise and asthma. These sessions will be either videoed or voice recorded. Those that are randomly 
selected to attend will be asked to provide us with 1 hour of their time. 
 
Physical activity measurement – Children will be asked to wear a physical activity monitor for 7 
consecutive days. They will also be asked to keep an activity log to record when they remove the 
accelerometer. Handing out and collecting the accelerometers will take approximately 1 hour at 5 
time points over 12 months, totaling 5 hours. 
 
Your child may also be selected for the laboratory testing (roughly 16 per school [8 asthmatic and 8 
non-asthmatic]). They will be asked to attend a laboratory session over 4 days (this will be a maximum 
of 40 mins each session) at 5 time points. These also can be run in your school. During this laboratory 
testing the children will be asked to complete a number of tests that will include: 
 
Functional fitness test – In this test they will practice using the static bicycle until they are happy 
with it. It will start off easy and get harder until your child says they can’t keep going. During this, 
they will breath into a mask to allow us to measure the air that they breathe in and out. This mask 
does not make breathing any harder and you can talk through it and remove it at any time they feel  
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uncomfortable about wearing it. The exercise will last approximately 15 minutes. 
Blood analysis – A small pin prick will be administered to the children’s finger where an extremely 
small drop of blood will be taken, if your child does not feel comfortable doing this test then they will 
be able to decline without any question. 
 
Blood pressure and heart rate – The children will be asked to place an inflatable cuff around their arm. 
This will inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the 
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn 
around your child’s chest. This is an elastic belt that fits all. An area will be designated to allow your 
child to attach this in private.  
 
Pulse Wave Velocity – in order to measure the health of your child’s arteries we will measure the 
speed at which blood pressure waves flow. In order to measure this we will need to apply a cuff around 
the neck and upper leg of your child. This measurement should only last 5 minutes. 
 
5. What are the possible disadvantages of taking part? 
There aren’t any significant risks or discomforts within the study. If your child follows our instructions 
which will ensure that they are appropriately warm for the activity then the risks will be minimised. 
There is a small risk of injury from the activity (as in any Physical Education class); however there will 
be trained first aiders on hand to deal with any injuries which may occur. Asthmatics taking part in the 
study may succumb to exercise induced asthma after the exercise is complete; this is the main reason 
for the warm down as if this does occur it will be roughly 7 minutes after the main part of the 
programme. If this does occur we have personnel trained in asthma care in this situation that would 
be able to support the child appropriately with inhaler use.   
 
6. What are the possible benefits of taking part? 
Your child may find it interesting to know what some of their measurements are e.g. their lung 
functions, fitness, physical fitness and mental wellbeing including your child’s quality of life could 
improve through completing this program. The study is also likely to help provide crucial answers to 
research questions in the health and exercise area of study namely asthma, childhood obesity and 
other effects of inactivity.  
 
7. Will my child taking part in the study be kept confidential? 
Although your child’s details will be taken prior to conducting the study, they will remain anonymous 
and this would be the same should the study be published. Your child’s personal information will be 
stored on a protected computer with a password and personal information will be destroyed at the 
study end (with consent forms stored in a locked cabinet in a secure area, to be destroyed within 5 
years of study end). Members of the university will be able to access your information under 
supervision.  
 
8. What if I have any questions? 
If you have any problems or need any further information about the study or the testing then please 
contact any of the research team using the contact details provided. If you have concerns or questions 
regarding the programme but do not want to contact the research team directly, please contact your 
child’s school tutor. 
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Appendix G – Parental/guardian information sheet (control) 
 
 
 
 
Applied Sports Technology Exercise and Medicine Research Centre (A-STEM) 
Sport and Health Portfolio, College of Engineering 
 
 
 
 
 
 
PARENTAL/GUARDIAN INFORMATION SHEET (Control) 
(Version 1.2, Date: 01/06/2015) 
 
 
Project Title: 
The x4a trial: eXercise for Asthma with Commando Joes. 
 
Contact Details: 
William Eddolls  Phone: Email:
Charles Winn    
Dr Kelly Mackintosh   
Dr Melitta McNarry   
 
1. Invitation Paragraph 
Thank you for taking the time to read this information sheet, it will provide you with the details of our 
study and hopefully provide you with the information you require to help you decide if you want your 
child to participate. It is important to say at this point that the decision to take part is entirely up to 
you and that your child will not be at a disadvantage for future studies should you decide for them not 
to participate. 
 
2. What is the purpose of the study? 
A link has been shown between exercise and obesity. Worryingly only a small number of children meet 
the government guidelines of 60 minutes of exercise. This, a lot of the time, is because time does not 
allow children to get the exercise they need. High intensity exercise has been shown to be a good way 
of getting enough exercise. So, we want to see whether high intensity training can be used to improve 
mental and physical health including asthma and quality of life. 
 
3. Why has your child been chosen? 
Your child’s school has been chosen randomly to be a control school. This will mean that similar 
measures are made on the children as in the intervention schools where the exercise programme is 
being delivered so that we can tell if the programme has made a difference. However this does not 
mean your child has to take part in the study. This is voluntary and you have the right to withdraw 
them from the study at any time. If you wish to withdraw your child from the study you will not be 
hassled, and you will not have to give a reason for their withdrawal. Your child will also be able to 
withdraw themselves from the study at any point without fear of penalty on withdrawal. 
 
4. What will happen to your child if they take part? 
Your child will be invited to an assessment day where a number of tests will be conducted. These 
assessment days will occur at 5 time points across approximately 12 months but should only require 
your child to miss half a day of lessons per time point. These tests will include: 
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Questionnaires – These will include quality of life, mental well-being, asthma health utilization and a 
physical self-perception questionnaire. 
 
Lung function test and fractional exhaled nitric oxide – Participants will be asked to blow hard into 
device and gently into a tube connected to a monitor, these will be taken 5 times throughout the year. 
 
Maturation assessments – The children will be asked to complete a questionnaire. It consists of 
showing line drawings of different pubertal stages. A box next to each picture is then ticked by the 
child to identify which pubertal stage resembles them. This will be done in complete privacy and 
only looked at by researchers on completion of the study. Please see attached sheet for line 
drawings. 
 
Multi-stage fitness test – Your child will be asked to complete a bleep test to assess their fitness at 
different points throughout the year. It will require them to run 20m shuttle runs to the sound of 
beeps which increase in speed until they no longer reach the line before the beep sounds. 
 
Physical activity measurement – Children will be asked to wear a physical activity monitor for 7 
consecutive days. They will also be asked to keep an activity log to record when they remove the 
accelerometer. Handing out and collecting the accelerometers will take approximately 1 hour at 5 
time points over 12 months, totaling 5 hours. 
 
Your child may also be selected for the laboratory testing (roughly 16 per school [8 asthmatic and 8 
non-asthmatic]). They will be asked to attend a laboratory session over 4 days (this will be a maximum 
of 40 mins each session) at 5 time points. These also can be run in your school. During this laboratory 
testing the children will be asked to complete a number of tests that will include: 
 
Functional fitness test – In this test they will practice using the static bicycle until they are happy with 
it. It will start off easy and get harder until your child says they can’t keep going. During this, they will 
breath into a mask to allow us to measure the air that they breathe in and out. This mask does not 
make breathing any harder and you can talk through it and remove it at any time they feel 
uncomfortable about wearing it. The exercise will last approximately 15 minutes. 
 
Blood analysis – A small pin prick will be administered to the children’s finger where an extremely 
small drop of blood will be taken, if your child does not feel comfortable doing this test then they will 
be able to decline without any question. 
 
Blood pressure and heart rate – The children will be asked to place an inflatable cuff around their arm. 
This will inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the 
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn 
around your child’s chest. This is an elastic belt that fits all. An area will be designated to allow your 
child to attach this in private.  
 
Pulse Wave Velocity – in order to measure the health of your child’s arteries we will measure the 
speed at which blood pressure waves flow. In order to measure this we will need to apply a cuff around 
the neck and upper leg of your child. This measurement should only last 5 minutes. 
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5. What are the possible disadvantages of taking part? 
There aren’t any significant risks or discomforts within the study. If your child follows our instructions 
which will ensure that they are appropriately warm for the activity then the risks will be minimised. 
There is a small risk of injury from the activity (as in any Physical Education class); however there will 
be trained first aiders on hand to deal with any injuries which may occur. Asthmatics taking part in the 
study may succumb to exercise induced asthma after the exercise is complete; this is the main reason 
for the warm down as if this does occur it will be roughly 7 minutes after the main part of the 
programme. If this does occur we have personnel trained in asthma care in this situation that would 
be able to support the child appropriately with inhaler use.   
 
6. What are the possible benefits of taking part? 
Your child may find it interesting to know what some of their measurements are e.g. their lung 
functions, fitness, physical fitness and mental wellbeing including your child’s quality of life. The study 
is also likely to help provide crucial answers to research questions in the health and exercise area of 
study namely asthma, childhood obesity and other effects of inactivity.  
 
7. Will my child taking part in the study be kept confidential? 
Although your child’s details will be taken prior to conducting the study, they will remain anonymous 
and this would be the same should the study be published. Your child’s personal information will be 
stored on a protected computer with a password and personal information will be destroyed at the 
study end (with consent forms stored in a locked cabinet in a secure area, to be destroyed within 5 
years of study end). Members of the university will be able to access your information under 
supervision.  
 
8. What if I have any questions? 
If you have any problems or need any further information about the study or the testing then please 
contact any of the research team using the contact details provided. If you have concerns or questions 
regarding the programme but do not want to contact the research team directly, please contact your 
child’s school tutor. 
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Appendix H – Parental/guardian consent form 
 
 
 
 
Applied Sports Technology Exercise and Medicine Research Centre (A-STEM) 
Sport and Health Portfolio, College of Engineering 
 
 
 
 
 
PARENTAL/GUARDIAN CONSENT FORM 
(Version 1.2, Date: 01/06/2015) 
 
Project Title: 
The x4a trial: eXercise for Asthma with Commando Joes. 
Contact Details: 
William Eddolls  Phone: Email: 
Charles Winn    
Dr Kelly Mackintosh   
Dr Melitta McNarry   
 
                    Please initial box 
 
1. I confirm that I have read and understood the information sheet dated 
01/06/2015 (version number 1.2) for the above  
 study and have had the opportunity to ask questions. 
 
2. I understand that my participation is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my 
legal rights being affected. 
 
3. I understand that sections of any of data obtained may be looked 
at by responsible individuals from the Swansea University or 
from regulatory authorities where it is relevant to my taking part in  
research.  I give permission for these individuals to have access to 
these records. Analysis will be done on anonymous data. 
 
4. I give consent for video and voice recording (discussion groups) and 
Photography.  
 
 
5. Does your child have asthma, as confirmed by a doctor? 
 
 
6. I agree for my child to take part in the above study. 
_____________________________  
Name of Child      
 
_____________________________ ________________ ________________________ 
Name of Parent/Guardian  Date   Signature  
 
_____________________________ ________________ ________________________ 
Researcher    Date   Signature  
 
 
Yes/No 
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Appendix I – Participant information sheet (intervention)
 
 
 
Applied Sports Technology Exercise and Medicine Research Centre (A-STEM) 
Sport and Health Portfolio, College of Engineering 
 
 
 
 
 
 
PARTICIPANT’S INFORMATION SHEET (Intervention) 
(Version 1.2, Date: 01/06/2015) 
 
      
Project Title: 
The x4a trial: eXercise for Asthma with Commando Joes. 
 
Contact Details: 
William Eddolls  Phone: Email: 
Charles Winn    
Dr Kelly Mackintosh   
Dr Melitta McNarry   
 
1. Invitation Paragraph 
You are being invited to take part in a research study.  Before you decide it is important for you to 
understand why the research is being done and what it will involve.  Please take time to read the 
following information carefully and discuss it with others if you wish.  Ask us if there is anything that 
is not clear or if you would like more information. If you want to stop taking part in this testing at 
anytime just tell one of the researchers. 
 
2. What is the purpose of the study? 
A link has been shown between obesity and lack of exercise. Worryingly only a few children meet 
guidelines that suggest that children and teenagers get 60 minutes of exercise per day. This study is 
looking into exercise and how it can affect health both mentally and physically in secondary school 
children in the South Wales. This is so that we can try and improve mental and physical health of 
children your age across Wales and the U.K. 
 
3. Why have I been chosen? 
You been chosen because you fit the example this study wishes to look at. You are between the ages 
of 11-14 years. 
 
However this does not mean you have to take part in the study. Meaning you can withdraw from the 
study at any time without fear of penalty on withdrawal. If you want to withdraw you will not have to 
give a reason. Just let one of us know. 
 
4. What will happen to if you take part? 
Your will be invited to attend our exercise program. This is a 45 minute exercise session that includes 
30 minutes of high intensity exercise conducted 3 times a week before or after school over 6 months. 
Over the course of the intervention this totals approximately 54 hours. These sessions will alter 
weekly. An example session would be planned as follows: 
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Warm-up – This will last approximately 5 minutes. In the warm-up you will take part in light jogging 
and stretches to ensure their body is ready to exercise. 
High intensity exercise – This will consist of numerous bouts of 30 second exercises followed by 30 
seconds rest. Exercises will include numerous military style games. This section of the programme will 
last 30 minutes. 
Warm-down – This will be conducted to ensure that you experience minimal muscle soreness 
following exercise. This will last 10 minutes to allow for possible asthma related issues. 
 
You will be invited to an assessment day where a number of tests will be conducted. These assessment 
days will occur at 5 time points across approximately 12 months but should only require you to miss 
half a day of lessons per time point. These tests will include: 
 
Questionnaires – These will include quality of life, mental well-being, asthma 
health utilization, asthma control and an anxiety questionnaire. 
 
Lung function test and fractional exhaled nitric oxide – You will be asked to blow 
hard into one device and gently into a tube connected to a monitor, these will be 
taken 5 times throughout the year. 
 
Maturation assessments – You will be asked to complete a questionnaire. It 
consists of showing line drawings of different pubertal stages. A box next to each 
picture is then ticked by yourself to identify which pubertal stage resembles you. 
This will be done in complete privacy and only looked at by researchers on 
completion of the study. Please see attached sheet for line drawings. 
 
Multi-stage fitness test – You will be asked to complete a bleep test to assess their fitness at 
different points throughout the year. It will require you to run 20m shuttle runs to the sound of 
beeps which increase in speed until you can no longer reach the line before the beep sounds. 
 
Focus groups – You will be interview in groups of 4-6 and asked questions 
related to exercise and asthma. These sessions will be either videoed or 
voice recorded. Those that are randomly selected to attend will be asked to 
provide us with 1 hour of their time. 
 
Physical activity measurement – You will be asked to wear a physical activity 
monitor for 7 days. You will also be asked to keep an activity log to record 
when they remove the monitor. Handing out and collecting the 
accelerometers will take approximately 1 hour at 5 time points over 12 
months, totaling 5 hours. 
 
 
You may also be selected for the laboratory testing (roughly 16 per school [8 asthmatic and 8 non-
asthmatic]). You will be asked to attend a laboratory session over 4 days (this will be a maximum of 
40 mins each session) at 5 time points. These also can be run in your school. In these laboratory tests 
you will be asked to complete a number of tests that will include: 
Functional fitness test – In this test you will practice using the static bicycle until you are happy with  
Breathing Mask 
Static Bicycle 
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it. It will start off easy and get harder until your say you can’t keep going. During this, you will breath 
into a mask to allow us to measure the air that you breathe in and out. This mask does not make 
breathing any harder and you can talk through it and remove it at any time you feel uncomfortable 
about wearing it. The exercise will last approximately 15 minutes. 
 
Blood analysis – A small pin prick will be administered to your finger where an extremely small drop 
of blood will be taken, if you do not feel comfortable doing this test then you will be able to decline 
without any question. 
 
Blood pressure and heart rate – You will be asked to place an inflatable cuff around your arm. This will 
inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the 
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn 
around your chest. This is an elastic belt that fits all. An area will be designated to allow you to attach 
this in private. 
 
Pulse Wave Velocity – in order to measure the health of your arteries we will measure the speed at 
which blood pressure waves flow. In order to measure this we will need to apply a cuff around your 
neck and upper leg. This measurement should only last 5 minutes. 
 
5. What are the possible disadvantages of taking part? 
There aren’t any real risks or discomforts within the study. If you follow our instructions which will 
ensure that you are warmed up for the activity then the risks will be reduced. There is a small risk of 
injury from the activity (as in any Physical Education class); however there will be trained first aiders 
on hand to deal with any injuries which may occur. Asthmatics taking part in the study may succumb 
to exercise induced asthma after the exercise is complete. However this is unlikely. This is the main 
reason for the warm down as if this does occur it will be roughly 7 minutes after the main part of the 
programme. If this does occur we have trained personnel who will be able to care for you.  
 
6. What are the possible benefits of taking part? 
You may find it interesting to know what some of your measurements are e.g. your lung functions, 
fitness. Physical fitness and mental wellbeing including your quality of life could improve through 
completing this program. The study is also likely to help provide crucial answers to research questions 
in the health and exercise area of study namely asthma, childhood obesity and other effects of 
inactivity.  
 
7. Will my taking part in the study be kept confidential? 
Yes. Although your details will be collected before the start of the study, you will remain nameless and 
this will be the same if they study is published. Your personal information will be stored on a protected 
computer with a password. Only members of the university will be able to access your information 
under strict supervision.  
 
8. What if I have any questions? 
If you have any problems or need any further information about the study or the testing then please 
contact Charlie or Tom on the two first addresses at the start of the pack. If you have concerns or 
questions regarding the programme but do not want to contact the research team directly, please 
contact your school tutor. 
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Appendix J – Participant information sheet (control)
 
 
 
Applied Sports Technology Exercise and Medicine Research Centre (A-STEM) 
Sport and Health Portfolio, College of Engineering 
 
 
 
 
 
 
PARTICIPANT’S INFORMATION SHEET (Control) 
(Version 1.2, Date: 01/06/2015) 
 
      
Project Title: 
The x4a trial: eXercise for Asthma with Commando Joes. 
 
Contact Details: 
William Eddolls  Phone Email: 
Charles Winn    
Dr Kelly Mackintosh   
Dr Melitta McNarry   
 
1. Invitation Paragraph 
You are being invited to take part in a research study.  Before you decide it is important for you to 
understand why the research is being done and what it will involve.  Please take time to read the 
following information carefully and discuss it with others if you wish.  Ask us if there is anything that 
is not clear or if you would like more information. If you want to stop taking part in this testing at 
anytime just tell one of the researchers. 
 
2. What is the purpose of the study? 
A link has been shown between obesity and lack of exercise. Worryingly only a few children meet 
guidelines that suggest that children and teenagers get 60 minutes of exercise per day. This study is 
looking into exercise and how it can affect health both mentally and physically in secondary school 
children in the South Wales. This is so that we can try and improve mental and physical health of 
children your age across Wales and the U.K. 
 
3. Why have I been chosen? 
You been chosen because you fit the example this study wishes to look at. You are between the ages 
of 11-14 years. 
 
However this does not mean you have to take part in the study. Meaning you can withdraw from the 
study at any time without fear of penalty on withdrawal. If you want to withdraw you will not have to 
give a reason. Just let one of us know. 
 
4. What will happen to if you take part? 
You will be invited to an assessment day where a number of tests will be conducted. These assessment 
days will occur at 5 time points across approximately 12 months but should only require you to miss 
half a day of lessons per time point. These tests will include: 
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Questionnaires – These will include quality of life, mental well-being, asthma health utilization, 
asthma control and an anxiety questionnaire. 
 
Lung function test and fractional exhaled nitric oxide – You will be asked to blow hard into one device 
and gently into a tube connected to a monitor, these will be taken 5 times throughout the year. 
 
Multi Stage Fitness Test – You will be asked to complete a bleep test to assess their fitness at 
different points throughout the year. It will require you to run 20m shuttle runs to the sound of 
beeps which increase in speed until you can no longer reach the line before the beep sounds. 
 
Maturation assessments – You will be asked to complete a questionnaire. It 
consists of showing line drawings of different pubertal stages. A box next to 
each picture is then ticked by yourself to identify which pubertal stage resembles you. 
This will be done in complete privacy and only looked at by researchers on completion 
of the study. Please see attached sheet for line drawings. 
 
 
Physical activity measurement – You will be asked to wear a physical activity monitor 
for 7 days. You will also be asked to keep an activity log to record when they remove 
the monitor. Handing out and collecting the accelerometers will take approximately 
1 hour at 5 time points over 12 months, totaling 5 hours. 
 
 
You may also be selected for the laboratory testing (roughly 16 per school [8 asthmatic and 8 non-
asthmatic]). You will be asked to attend a laboratory session over 4 days (this will be a maximum of 
40 mins each session) at 5 time points. These also can be run in your school. In these laboratory tests 
you will be asked to complete a number of tests that will include: 
 
Functional fitness test – In this test you will practice using the static bicycle 
until you are happy with it. It will start off easy and get harder until your say 
you can’t keep going. During this, you will breath into a mask to allow us to 
measure the air that you breathe in and out. This mask does not make 
breathing any harder and you can talk through it and remove it at any time 
you feel uncomfortable about wearing it. The exercise will last 
approximately 15 minutes. 
 
Blood analysis – A small pin prick will be administered to your finger where 
an extremely small drop of blood will be taken, if you do not feel 
comfortable doing this test then you will be able to decline without any 
question. 
 
Blood pressure and heart rate – You will be asked to place an inflatable cuff around your arm. This 
will inflate to momentarily slow the blood flow to the arm to measure blood pressure. Once the 
measurement is collected the cuff will be removed. To measure heart rate, a monitor will be worn  
Breathing Mask 
Static Cycle 
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around your chest. This is an elastic belt that fits all. An area will be designated to allow you to attach 
this in private. 
 
Pulse Wave Velocity – in order to measure the health of your arteries we will measure the speed at 
which blood pressure waves flow. In order to measure this we will need to apply a cuff around your 
neck and upper leg. This measurement should only last 5 minutes. 
 
5. What are the possible disadvantages of taking part? 
There aren’t any real risks or discomforts within the study. If you follow our instructions which will 
ensure that you are warmed up for the activity then the risks will be reduced. There is a small risk of 
injury from the activity (as in any Physical Education class); however there will be trained first aiders 
on hand to deal with any injuries which may occur. Asthmatics taking part in the study may succumb 
to exercise induced asthma after the exercise is complete. However this is unlikely. This is the main 
reason for the warm down as if this does occur it will be roughly 7 minutes after the main part of the 
programme. If this does occur we have trained personnel who will be able to care for you. 
 
6. What are the possible benefits of taking part? 
You may find it interesting to know what some of your measurements are e.g. your lung functions, 
fitness. The study is also likely to help provide crucial answers to research questions in the health and 
exercise area of study namely asthma, childhood obesity and other effects of inactivity.  
 
7. Will my taking part in the study be kept confidential? 
Yes. Although your details will be collected before the start of the study, you will remain nameless and 
this will be the same if they study is published. Your personal information will be stored on a protected 
computer with a password. Only members of the university will be able to access your information 
under strict supervision.  
 
8. What if I have any questions? 
If you have any problems or need any further information about the study or the testing then please 
contact Charlie or Tom on the two first addresses at the start of the pack. If you have concerns or 
questions regarding the programme but do not want to contact the research team directly, please 
contact your school tutor. 
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Appendix K – Participant assent form
 
 
  
 
 
Applied Sports Technology Exercise and Medicine Research Centre (A-STEM) 
Sport and Health Portfolio, College of Engineering 
 
 
 
 
 
 
PARTICIPANT’S ASSENT FORM 
(Version 1.2, Date: 01/06/2015) 
 
Project Title: 
The x4a trial: eXercise for Asthma with Commando Joes. 
 
Contact Details: 
William Eddolls  Phone Email
Charles Winn    
Dr Kelly Mackintosh   
Dr Melitta McNarry   
 
                    Please initial box 
 
1. I confirm that I have read and understood the information sheet dated 
01/06/2105 (version number 1.2) for the above  
 study and have had the opportunity to ask questions. 
 
2. I understand that my participation is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my medical 
care or legal rights being affected. 
 
3. I understand that sections of any of data obtained may be looked 
at by responsible individuals from the Swansea University or 
from regulatory authorities where it is relevant to my taking part in  
research.  I give permission for these individuals to have access to 
these records. Analysis will be done on anonymous data. 
 . 
4. I give consent for video and voice recording and photography.   
 
5. Do you have asthma, as confirmed by a doctor? 
 
 
6. I agree to take part in the above study. 
 
______________________ ________________ _______________      __________________ 
Name of Participant  Date   Signature        Postcode 
 
_____________________________ ________________ ________________________ 
Researcher    Date   Signature  
 
 
Yes/No 
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Appendix L – Self-report Tanner stage scale (male) 
 
 
 
 Tick the box that most closely resembles yourself.   
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Appendix M – Self-report Tanner stage scale (female) 
 
 
 
 
 Tick the box that most closely resembles yourself.   
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Appendix N – Centre for Epidemiological Studies Depression Scale for Children 
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Appendix O – Pediatric Quality of Life Inventory 
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Appendix P – Winn, C. O. N., Mackintosh, K. A., Eddolls, W. T. B., Stratton, G., 
Wilson, A. M., Rance, J. Y., … Davies, G. A. (2017). Perceptions of asthma and 
exercise in adolescents with and without asthma. Journal of Asthma.
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Appendix Q – Generalized Anxiety Disorder 7 questionnaire 
 
 
234 
 
Appendix R – Attendee interview script 
• Ground rules 
1. Before you speak state your name 
2. One person speak at a time 
3. Talk loudly… 
4. Speak for yourself, using “I” statements 
5. Participate in both talking and listening 
6. Be critical of ideas but respect different points of view and different 
perspectives 
7. Stay on the topic and don’t digress too much 
8. Maintain the confidentiality of opinions expressed in this discussion 
9. Focus on issues that need to be discussed and not individuals 
10. Wait for one person to finish speaking and don’t interrupt others 
 
• Ice Breaker – (we start) Give name and what you most enjoy doing 
 
• What do you think about Commando Joe’s?  
• What did you think of the Commando Joe’s sessions? 
• How would you describe the sessions to friends? And what about family? 
• Thinking about the sessions that you attended, describe your favourite 
session… 
o What was it about that session that you enjoyed? 
o What made the session enjoyable? 
• And what about your least favourite session, how would you describe that? 
o What was it about the session that you didn’t like? 
o What would have made that particular session more enjoyable? 
• Overall, what was the best part of Commando Joe’s? 
• Overall, what was your least favourite part of Commando Joe’s? 
Attendance 
• What made you originally want to attend Commando Joe’s? 
• What did you think it was going to be like before you attended? 
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• Now think back to your first session. What was your first impression of the 
intervention? 
• What was your impression of the sessions at the end? 
o Why do you think your impressions changed?  OR: How did your initial 
impressions change over time? 
• How often did you attend the sessions? 
o Why did you attend that many sessions? 
• What was it that made you want to go? 
o Why? 
• What was it that made you not want to go? AND/OR What stopped you being 
able to attend? 
o Why? 
• Why do you think some people signed up but didn’t attend? 
• How do you think we need to encourage people to attend these sort of sessions 
in the future? 
• What sorts of things do you think we needed to do to make sure people kept 
attending? 
As you know the sessions were run as high intensity interval training… 
• Describe what you thought high intensity interval training was before the 
sessions started… 
• Now describe what you think high intensity interval training is now… 
• What is your opinion of high intensity interval training? 
o What did you enjoy most about it? 
o What did you enjoy least about it? 
• How would you describe high intensity interval training to someone else? 
• If you were to design a high intensity interval training session what would it be 
like? 
• What would you think about this becoming part of your PE lesson options? 
o Why? 
How the sessions made you feel? 
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• Think back to just before a session. How did you feel before the session 
started?  
o Prompt about how they feel mentally and physically 
o Why do you think that is? 
• And what about after the session finished. How did you feel then? 
o Prompt about how they feel mentally and physically 
o Why do you think that is? 
• What do you think the benefits are of attending the sessions? 
o Why? 
o Can they give any real-life examples? 
• Do you think you have had any personal benefits to the sessions? 
• How have the sessions made you feel? 
o If they talk about tiredness etc. ask about how they felt as a person… 
o Can they give any real-life examples? 
• Thinking back to what we have just spoken about, did the sessions changed 
how you think about Commando Joe’s? 
o Did the sessions change how you think about high intensity training? 
Moving on again, we are now going to talk about the Commando Joe or Mr 
Hudson (Remind them that it is completely anonymous and that what their 
individual comments won’t get back to the Commando Joe): 
• What did you think about Mr Hudson? 
• What did you think about how he delivered the sessions? 
• What did you like the most about Mr Hudson? 
• What did you like the least about the Mr Hudson? 
• What could he have done to improve the sessions? 
• How could he have changed and improved the way he instructed the sessions? 
• Describe what the ideal Commando Joe would be like? 
• If you could have any one taking the session, who would it be (and why)? 
• How would having someone else deliver the sessions change the sessions?  
o Obviously, all of these need to be probed… 
• Okay, so one last time, if there was one thing you could change about the 
session what would you change and why? 
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Appendix S – Non-attendee interview script 
• Ground rules 
1. Before you speak state your name 
2. One person speak at a time 
3. Talk loudly… 
4. Speak for yourself, using “I” statements 
5. Participate in both talking and listening 
6. Be critical of ideas but respect different points of view and different 
perspectives 
7. Stay on the topic and don’t digress too much 
8. Maintain the confidentiality of opinions expressed in this discussion 
9. Focus on issues that need to be discussed and not individuals 
10. Wait for one person to finish speaking and don’t interrupt others 
 
• Ice Breaker – (we start) Give name and what you most enjoy doing 
 
• What do you think about Commando Joe’s?  
• What did you think the sessions would be like? 
(If some attended, ask the following questions) 
• What did you think of the Commando Joe’s sessions? 
• How would you describe the sessions to friends? And what about family? 
• Thinking about the sessions that you attended, describe your favourite 
session… 
o What was it about that session that you enjoyed? 
o What made the session enjoyable? 
• And what about your least favourite session, how would you describe that? 
o What was it about the session that you didn’t like? 
o What would have made that particular session more enjoyable? 
(For those that didn’t attend any sessions) 
• What did you think of the Commando Joe’s sessions? 
• How did people that turned up to the sessions describe them to you? 
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Attendance 
• What made you originally want to attend Commando Joe’s? 
• What did you think it was going to be like? 
(If they turned up) 
• How often did you attend the sessions? 
o Why did you attend that many sessions? 
• What was your first impression of the intervention? And did that change over 
time? 
• What was it that made you want to go? 
o Why? 
• What was it that made you not want to go? 
o Why? 
• What was the reason you stopped coming? 
• For those that didn’t come to a single session, what was it that meant you didn’t 
attend? 
• What sort of thing do you think we could have done to encourage you to come 
to the sessions and why? 
• What could we have changed that meant you would have come? 
As you may know the sessions were run as high intensity interval training… 
• Describe what you think high intensity interval training is… 
• What is your opinion of high intensity interval training? 
• Do you think that because it was high intensity training it put you off? 
o Why? 
o Was it/did you think it was too hard? 
• If you were to design a high intensity interval training session what would it 
look like? 
• What would you think about high intensity interval training becoming part of 
your PE lesson options? 
o Why? 
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• Now forgetting the high intensity training. If we could have done any sort of 
exercise, what sort of exercise could we have put on that would have 
encouraged you to turn up to the sessions and why? 
Moving on again, we are now going to talk about the Commando Joe or Mr 
Hudson (Remind them that it is completely anonymous and that what their 
individual comments won’t get back to the Commando Joe): 
• What did you think about Mr Hudson? 
• What did you like the most about Mr Hudson? 
• What did you like the least about the Mr Hudson? 
• What could he have done to improve  
• Describe what the ideal Commando Joe would be like? 
• If you could have any one taking the session, who would it be (and why)? 
• How would having someone else deliver the sessions encourage you to come?  
o Obviously, all of these need to be probed… 
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